CORPS  OF  ENGINEERS  ST  PAUL  MN  ST  PAUL  DISTRICT  F/6  13/2 

GRAND  FORKS  -  EAST  GRAND  FORKS  URBAN  WATER  RESOURCES  STUDY,  PLA-- ETC(U) 
JUL  81 


UNCLASSIFIED 


UNCLASS  I  Fic.D 


secu Rl -v  CLASSIFICATION  OF  THIS  PAGE  (Whan  Pete  Entered) 


REPORT  DOCUMENTATION  PAGE 


PORT  NUMBER 


J.  TITLE  (Mid  Submit) 

GRAND  FORKS-EAST  GRAND  FORKS  URBAN  WATER 
RESOURCES  STUDY;  Plan  formulation  appendix. 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


3.  RECIPIENT'S  CATALOG  NUMBER 


S.  TYPE  OF  REPORT  ft  PERIOD  COVERED 


Final 


6.  PERFORMING  ORG.  REPORT  NUMBER 


».  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 


8.  CONTRACT  OFLORANT  NUMBERf.) 


10.  PROGRAM  ELEMENT.  PROJECT,  TASK 
AREA  8  WORK  UNIT  NUMBERS 


It.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

ARMY  CORPS  OF  ENGINEERS,  ST.  PAUL  DISTRICT 
1135  USPO  &  Custom  House  I  13  number  of  pages 

Sf.  Paul  MN  SSIfll  17  ^  P* 


MONITORING  AGENCY  NAME  ft  AOORESSfl/  dHlerent  tram  Controlling  Otilce)  IS.  SECURITY  CLASS,  (of  thle  report) 

Unclassified 


15  «.  DECLASSIFICATION/ DOWNGRADING 
SCHEDULE 


H.  DISTRIBUTION  STATEMENT  (of  thle  Report) 


Approved  for  public  release;  distribution  unlimited 


17.  DISTRIBUTION  STATEMENT  (ol  the  ebetrect  entered  In  Block  20,  It  dllterent  from  Report) 


IB.  SUPPLEMENTARY  NOTES 


This  is  one  of  ten  reports  is  this  study 


It.  KEY  WORDS  (Continue  on  rereree  mlde  If  n«c«««ary  end  Identify  by  block  number) 

Flood  control 
water  resources 
Water  supply 
Urban  Planning 


ABSTRACT  (taaoCtaw  on  rereree  «Ml  ft  nneeeeaty  mad  Identify  by  block  number) 

. ^The  goal  of  the  Corps  of  Engineers  Urban  Study  Program  is  to  provide 

planning  assistance  to  local  interests  in  a  variety  of  water  resource  areas, 
some  not  within  the  traditional  Corps  areas  of  responsibility.  The  St.  Paul 
district  conducted  this  study  in  a  cooperative  effort  with  local,  state  and 
federal  agencies.  Primary  attention  was  given  to  flood  control,  water  supply 
and  wastewater  management;  supporting  investigations  addressed  recreation  and 
energy  conservation.  T;,  Vp-i^rv.! 

The  Plan  Formulation  Appendix  summarizes  the  speciality  appendice 


I  JANETS  W73 


EDITION  OP  t  NOV  8*  IS  OBSOLETE 


UNCLASSIFIED 

SECURITY  CLASSIFICATION  OF  THIS  PAGE  (Dim  Dim  Entered) 


UNCLASSIFIED 


addressing  flood  control,  water  supply  a 
identified  in  the  study \k*ea  and.  trai'iup, 
program. 


supply  acid,  wastewater  managempt  problems 
.  trfe:'?6up|>d1^ing  public  involvement 


UNCLASSIFIED 

SECURITY  CLASSIFICATION  OF  THIS  FAOCOFAwi  Data 


PREFACE 


The  Corps  of  Engineers’  Urban  Study  Program  is  aimed  at  providing 
planning  assistance  to  local  interests  in  a  variety  of  water  resource  and 
related  land  resource  areas,  including  water  supply,  wastewater  management, 
flood  control,  navigation,  shoreline  erosion,  and  recreation.  In  areas 
of  traditional  Corps  responsibility  (such  as  flood  control),  the  Corps 
may  implement  and  construct  projects  shown  in  the  urban  study  to  be  feasible. 
In  other  areas  (such  as  wastewater  management),  Corps  involvement  carries 
only  through  the  planning  stage;  findings  are  turned  over  to  local  interests 
for  incorporation  into  their  broad  urban  comprehensive  planning  effort. 
Implementation  is  at  the  discretion  of  local  interests  in  conjunction  with 
appropriate  State  and  Federal  agencies. 

The  St.  Paul  District,  Corps  of  Engineers,  conducted  the  Grand  Forks- 
East  Grand  Forks  (GF/EGF)  Urban  Water  Resources  Study,  which  was  a  coopera¬ 
tive  effort  between  local.  State,  and  Federal  agencies.  The  GF/EGF  urban 
study  spanned  a  time  of  transition  in  the  Corps'  urban  study  program.  In 
mid-1978,  directives  were  issued  deleting  the  third  and  last  stage  of 
urban  studies.  At  that  time,  the  second  stage  of  the  GF/EGF  urban  study 
was  nearing  completion,  but  commitments  for  stage  3  studies  had  been  made 
to  local  interests  and  involved  State  and  Federal  agencies.  Therefore,  the 
GF/EGF  urban  study  was  allowed  to  proceed  to  stage  3. 

During  the  first  stage,  the  14-township  study  area  was  selected, 
broad  topical  problems  to  be  addressed  (water  supply,  wastewater  management, 
and  flood  control)  were  identified,  and  a  "plan  of  study"  was  developed. 

The  plan  of  study  outlined  the  general  approach  the  study  would  follow. 

During  stage  2,  the  topical  problems  were  broken  down  into  explicit  problem 
areas.  Investigators  formulated  a  broad  array  of  alternatives  to  resolve 
the  study  area's  problems.  The  alternatives  were  evaluated  to  eliminate 
those  which  were  not  suitable  or  cost  effective.  The  stage  3  study  examined 
in  detail  those  alternatives  that  passed  the  stage  2  screening.  Alterna¬ 
tives  were  reassessed  to  determine  their  respective  cost  effectiveness 
and  environmental/social  impacts. 
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PLAN  FORMULATION  APPENDIX 


SUMMARY 

EAST  GRAND  FORKS  FLOOD  CONTROL 

East  Grand  Forks,  Minnesota,  is  subject  to  severe  flood  damages  from 
periodic  flooding  by  the  Red  River  of  the  North  and  Red  Lake  River.  The  city 
has  no  permanent  flood  protection;  however,  emergency  levees  were  con¬ 
structed  along  the  alignment  of  an  authorized  levee  project  originally 
studied  over  20  years  ago.  The  authorized  project  and  two  modifications 
were  evaluated  in  stage  2.  Economic  feasibility  was  shown  for  the  author¬ 
ized  plan  and  one  modification  at  the  interest  rate  in  effect  during  the 
original  study.  Two  additional  structural  plans  were  formulated  for  develop¬ 
ing  areas  north  and  south  of  the  authorized  project.  Neither  plan  was 
economically  justifiable  under  current  interest  rates. 

The  authorized  levee  project  and  modifications  will  be  reassessed 
in  detail  under  the  Corps  postauthorization  study  program.  A  flood  emer¬ 
gency  plan  of  action  was  prepared  to  assist  East  Grand  Forks  in  better 
organizing  the  city's  flood  fight  response. 

GRAND  FORKS  FLOOD  CONTROL 

Grand  Forks,  North  Dakota,  is  subject  to  severe  flood  damages  from 
periodic  flooding  by  the  Red  River  of  the  North  and  English  Coulee. 

Protection  against  Red  River  floodwaters  is  provided  by  a  permanent 
1-mile-long  Corps-constructed  levee  and  floodwall.  The  city  also  relies 
on  timely  response  by  government  agencies  to  impending  flood  emergencies. 

The  city  maintains  two  emergency  levees  constructed  and  improved  during 
recent  flood  fights. 

In  stage  2,  10  flood  damage  reduction  alternatives  -  6  nonstructural 
and  4  structural  -  were  examined  to  assess  economic  feasibility  and 
environmental  and  social  impacts.  On  the  basis  of  the  screening  of 
alternatives  during  stage  2  and  subsequent  discussions  with  local  interests 


and  consulting  engineers  involved  in  the  flood  control  studies,  eight 
plans  were  evaluated  during  stage  3  -  six  structural  and  two  nonstructural . 
These  include  two  levee/f loodwall  layouts  along  the  Red  River,  a  road 
raise  barrier  protecting  one  neighborhood  from  the  Red  River,  two  closure/ 
pumping  station  plans  on  English  and  Belmont  Coulees,  diversion  of  Red  Lake 
River  floodwaters,  and  evacuation/flood  proofing  in  selected  reaches  along 
the  Red  River  and  tributary  coulees. 

Three  alternatives  were  found  to  merit  further  consideration  - 
flood  proofing  and  evacuation  in  the  English  Coulee  and  Belmont  Road/ 
Belmont  Coulee  areas  of  the  city  and  a  closure  structure/pumping  station 
near  the  mouth  of  English  Coulee.  It  was  recommended  that  further  analyses 
be  transferred  to  the  Corps '  small  flood  control  continuing  authority 
(Section  205  of  the  1948  Flood  Control  Act,  as  amended)  to  expedite  final 
studies  and  possible  construction.  At  this  writing,  a  Section  205  study 
has  already  been  initiated  for  the  English  Coulee  alternatives;  the 
Belmont  Road/Belmont  Coulee  investigation  will  be  conducted  as  a  separate 
Section  205  study. 

The  feasibility  of  English  Coulee  alternatives  depends  highly  on 
possible  flood  control  improvements  being  considered  for  the  upper  coulee 
watershed  by  the  Soil  Conservation  Service  (SCS) .  These  improvements 
include  a  dry  dam  to  attenuate  the  coulee's  peak  flows  and  diversion 
ditches  to  route  floodwaters  around  the  city.  The  Corps  will  continue  co¬ 
ordinating  closely  with  the  SCS  during  the  Section  205  studies. 

A  flood  emergency  plan  of  action  was  developed  in  cooperation  with 
the  city  to  help  better  organize  Grand  Forks'  flood  fight  and  evacuation 
operations . 

GRAND  FORKS  URBAN  DRAINAGE 


Grand  Forks'  stormwater  drainage  problems  are  related  to  the  flat 
topography  and  are  compounded  by  continuing  urban  development  which  alters 
the  natural  drainage  and  infiltration  and,  consequently,  overloads  the 
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existing  natural  and  man-made  urban  drainage  system.  In  conjunction  with 
the  urban  study's  flood  control  investigation,  the  Corps  prepared  an 
urban  drainage  master  plan  for  the  developing  areas  within  the  city's 
jurisdiction.  Two  alternatives  were  considered.  Features  common  to 
these  alternatives  include: 

•  A  closure  structure  near  the  mouth  of  English  Coulee  to  prevent 
flooding  from  Red  River  backwater.  A  pumping  station  would  handle  runoff 
from  the  coulee  and  Legal  Drain  18  during  high  stages  on  the  Red  River. 

•  An  east-west  ditch  south  of  the  city  to  convey  waters  directly 
to  the  Red  River  that  normally  must  be  carried  by  English  Coulee. 

The  two  alternatives  differ  in  that  one  plan  would  provide  storm 
sewers  and  drainage  ditches  capable  of  handling  the  runoff  projected  for 
2030.  The  second  (recommended)  plan  would  temporarily  store  excess  runoff 
to  reduce  peak  discharges.  Storage  facilities  could  assume  a  variety  of 
forms  (for  example,  parking  lots,  permanent  ponds,  and  dry  depressions 
normally  used  for  recreation).  The  reduced  discharges  would  reduce  the 
sizes  of  sewerlines  and  ditches.  The  recommended  plan  could  be  implemented 
in  stages  as  development  occurred.  The  city  would  provide  a  storm  sewer/ 
ditch  network  based  on  current  runoff  requirements;  developers  would  have 
to  provide  temporary  storage  facilities  to  keep  runoff  at  predevelopment 
levels. 

Further  study  of  the  urban  drainage  master  plan  should  be  coordinated 
with  the  SCS.  The  SCS's  dry  dam/ diversion  scheme  for  the  English  Coulee 
watershed  would  greatly  reduce  the  flow  entering  the  city. 

WATER  SUPPLY 

Grand  Forks  and  East  Grand  Forks  use  the  Red  and  Red  Lake  Rivers  to 
supply  municipal  water  to  urban  residential,  commercial,  and  most  indus¬ 
trial  users  and  the  Grand  Forks  Air  Force  Base.  A  few  firms  have  separate 
facilities  drawing  water  from  these  same  sources.  Three  rural  water  supply 
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associations  provide  potable  water  to  small  communities  and  individual 
consumers.  Two  of  the  three  systems  obtain  their  water  from  nearby 
aquifers.  Information  on  the  third  was  not  available  for  this  report. 

Two  other  communities  share  an  independent  well  field.  Several  indus¬ 
tries  and  other  water  users  draw  nonpotable  well  water  for  various 
purposes . 

Stage  2  studies  concluded  that  the  groundwater  sources  of  the  two 
rural  water  supply  associations  on  which  information  is  available  should 
provide  sufficient  supplies  of  good  quality  water  through  2030.  Conclu¬ 
sions  were  not  possible  regarding  the  third  association  and  independent 
water  users.  However,  the  stage  2  report  recommended  that  all  three 
associations  and  other  self-supplied  water  users  continue  to  supply 
their  own  needs  rather  than  join  a  regionalized  system. 

Stage  3  studies  included  "low-flow"  analyses  of  the  Red  and  Red 
Lake  Rivers  to  determine  drought  severity  and  frequency  in  relation 
to  projected  water  needs  in  and  upstream  of  the  urban  study  area. 

These  analyses  showed  the  surface  water  supply  (including  river  flows  plus 
in-channel  storage  behind  Grand  Forks*  and  East  Grand  Forks'  low  head  dams) 
was  adequate  to  meet  the  50-year  design  event  through  2030.  This  conclusion 
eliminated  the  need  for  further  consideration  of: 

•  Flow  augmentation  from  the  Garrison  Diversion  project. ^  Political 
and  environmental  problems  had  already  delayed  any  likelihood  of  a  Garrison 
interbasin  transfer  of  waters  into  the  Red  River  basin  for  many  years. 

•  Groundwater  sources.  Studies  had  already  shown  that  recharge  rates 
for  aquifers  in  the  area  were  too  small  to  meet  the  urban  area's  needs. 

•  Additional  in-  or  off-channel  storage. 

(1)  The  lack  of  need  for  Garrison  water  at  Grand  Forks-East  Grand  Forks 
cannot  be  arbitrarily  extrapolated  to  other  water  users  in  the  Red  River 
basin. 


The  stage  3  findings  showed  that  the  most  cost-effective  approach 
in  the  long  run  is  for  Grand  Forks  and  East  Grand  Forks  to  combine  their 
water  supply  and  treatment  systems  about  2005.  For  the  short  term,  the 
cities  should  continue  to  expand  and  refurbish  their  respective  plants 
to  meet  growing  needs.  For  example.  Grand  Forks'  current  maximum  daily 
demand  already  exceeds  the  treatment  plant's  rated  capacity;  expansion 
is  needed  now,  but  room  for  expansion  could  mean  removing  nearby  resi¬ 
dences  or  plant  relocation.  East  Grand  Forks'  plant  capacity  is  sufficient 
for  projected  demands  until  2005,  but  operation  will  have  to  be  increased 
from  the  present  8  to  10  hours  per  day  to  24  hours  per  day. 

Water  conservation  could  reduce  demands  up  to  10  percent  even  in  non¬ 
drought  periods  and  would  be  cost  effective  because  of  the  savings  in  the 
supply  and  treatment  facility  size  and  operating  costs.  Conservation 
practices  would  require  a  serious  commitment  by  citizens,  industry,  and 
local  government,  but  could  be  implemented  without  significantly  hindering 
development  potential  or  the  quality  of  life. 

Treatment  processes  cannot  be  finalized  until  the  Environmental  Pro¬ 
tection  Agency  promulgates  final  requirements  for  advanced  surface  water 
treatment.  Preliminary  evidence  shows  Red  and  Red  Lake  River  waters 
may  not  need  advanced  treatment  to  meet  the  proposed  regulations,  but 
standards  may  become  more  stringent. 

A  drought  emergency  plan  of  action  was  developed  to  conserve  water 
in  a  serious  shortage.  The  plan  identifies  responsibilities  of  Federal, 
State,  and  local  authorities  that  would  be  involved.  The  plan  proposes 
a  five-stage  response  to  increasingly  severe  drought  conditions  ranging 
from  voluntary,  not  particularly  inconvenient  measures  to  highly  restric¬ 
tive,  mandatory  measures  that  could  be  enforced  via  monitoring  and  penalties. 


WASTEWATER  MANAGEMENT 


All  major  wastewater  treatment  facilities  in  the  study  area  are  lagoon 
systems;  a  few  small  communities  and  rural  subdivisions  and  individual  rural 
residents  have  septic  tanks  and  tile  drain  fields.  Typically,  wastewater 
is  stored  in  the  lagoons  over  the  winter  and  released  into  the  rivers  to 
coincide  with  high  springtime  flows. 

Studies  of  the  Grand  Forks  wastewater  treatment  system  conducted  under 
Section  201  of  Public  Law  92-500  showed  that  lagoon  expansion  and  reconstruc 
tion  of  the  effluent  discharge  line  would  provide  satisfactory  performance 
through  the  year  1990.  Projections  suggest  East  Grand  Forks'  lagoon  system 
could  become  organically  overloaded  about  1995. 

Other  significant  lagoon  systems  serve  the  American  Crystal  Sugar  plant 
in  East  Grand  Forks,  the  Air  Force  Base,  and  the  communities  of  Thompson, 
Manvel,  and  Emerado,  North  Dakota.  Stage  2  studies  showed  the  lagoons  serv¬ 
ing  the  latter  four  were  marginal  to  inadequate.  Even  though  their  effluent 
was  meeting  their  National  Pollutant  Discharge  Elimination  System  permit 
specifications,  they  do  not  meet  proper  design  criteria  and/or  are 
overloaded. 


In  stage  2,  wastewater  treatment  alternatives  included: 

•  Maximum  regionalization  of  systems  to  handle  most  communities  and 
major  industries. 

•  Maximum  use  of  existing  facilities. 

•  Combinations  of  some  facilities  (partial  regionalization). 
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Alternative  types  of  facilities  were  examined  to  meet  various  degrees 
of  treatment  to  be  decided  by  future  legislation  and/or  regulations  of 
agencies  such  as  the  Environmental  Protection  Agency  (EPA) .  Possible 
wastewater  system  improvements  range  from  merely  increasing  the  capacity 
of  the  existing  plant  to  maintain  the  present  degree  of  effluent  control 
to  using  advanced  mechanical  treatment  processes  or  land  application  of 
lagoon  effluent  to  achieve  zero  discharge  of  critical  pollutants. 

The  stage  2  studies  showed  that  regionalization  was  not  cost  effective 
because  of  the  long  transmission  systems  required.  Separate  facilities 
based  on  lagoon  systems  were  shown  to  be  the  least  costly  alternative  for 
point  source  effluent  regardless  of  the  level  of  treatment.  However, 
because  the  zero  discharge  criteria  would  require  extensive  tracts  of 
land  for  lagoon  effluent  disposal,  if  this  degree  of  treatment  is  required, 
further  studies  would  be  needed  to  compare  advanced  mechanical  treatment 
(which  is  not  land  intensive)  with  land  application. 

Since  existing  plans  for  future  wastewater  treatment  of  point  source 
effluents  already  are  based  on  the  most  cost-effective  alternative  - 
lagoon  systems  -  further  consideration  in  stage  3  was  considered  unnecessary. 
Stage  3  focused  on  intermittent  point  and  nonpoint  stormwater  pollution 
sources.  The  most  serious  situation  in  the  study  area  is  related  to  over¬ 
flows  from  Grand  Forks'  combined  sewers  which  serve  the  core  of  the  city. 
Problems  include: 

•  A  public  health  threat  from  combined  sewer  discharges  into  Grand 
Forks'  raw  water  supply  pooled  behind  a  low-head  dam  in  the  Red  River  of 
the  North. 

•  Public  health  threats  from  sanitary  sewer  backup  into  basements. 

•  Extra  hydraulic  load  on  the  lagoon  system  from  stormwater  runoff. 
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Grand  Forks  had  already  begun  a  sewer  separation  program  before  the  urban 
study's  findings  were  available.  Stage  2  studies  confirmed  that  sewer  sepa¬ 
ration,  perhaps  in  combination  with  source  control  (e.g.,  street  sweeping), 
was  the  preferred  method  of  solving  the  problem.  However,  in  stage  3,  a 
number  of  solutions  were  reconsidered  to: 

•  Ensure  that  sewer  separation  was  the  most  cost-effective  approach. 

•  Qualify  the  city  for  possible  Federal  financial  assistance  by 
preparing  the  report  in  concert  with  the  EPA  to  meet  the  step  1  require¬ 
ments  of  the  Construction  Grants  Program. 

The  area  served  by  combined  sewers  was  divided  into  subareas,  and  alterna¬ 
tive  source  control  measures,  sewer  separation  plans,  and  effluent  treat¬ 
ments  were  evaluated  to  determine  the  most  cost-effective  approach. 

The  stage  3  results  reaffirmed  sewer  separation  as  the  most  cost- 
effective  solution.  At  this  writing,  the  EPA  has  approved  the  urban 
study's  findings  and  recommendations  and  has  provided  step  2  funding 
which  the  city  has  used  to  contract  with  consulting  firms  for  plans  and 
specifications.  This  project  has  been  placed  on  the  State's  priority 
list,  but  it  appears  that  only  about  half  the  Federal  funds  needed  to  com¬ 
plete  step  3  (construction)  will  be  available  in  the  near  future. 

THE  REPORT 

The  Grand  Forks-East  Grand  Forks  Urban  Water  Resources  Study  was 
divided  into  two  elements: 

•  Major  Studies  -  Flood  Control,  Water  Supply,  Wastewater  Management 

•  Supporting  Studies  -  Social  and  Environmental  Inventory,  Demographic 
Study,  Institutional  Study,  Leisure  Time  Analysis,  Thermography  Study 
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Specialty  appendixes  were  prepared  for  each  major  study.  A  Background 
Information  Appendix  was  prepared  to  provide  a  profile  of  the  study  area 
and  identify  the  desired  future  conditions  and  specific  problems,  issues, 
needs,  and  concerns.  The  supporting  studies  expanded  on  the  existing 
profile  of  the  study  area  where  necessary  to  provide  additional  informa¬ 
tion  useful  when  assessing  and  evaluating  plans  formulated  for  each  major 
study.  An  Energy  Conservation  and  Recreation  Appendix  combined  the  results 
of  the  thermography  study  and  leisure  time  analysis.  The  Public  Involve¬ 
ment  Appendix  discusses  the  means  by  which  interested  participants  - 
on  the  local.  State,  and  Federal  levels  -  were  integrated  into  the 
planning  process. 

This  document,  the  Plan  Formulation  Appendix,  was  prepared  to  Summarize 
the  specialty  appendixes.  It  presents  significant  study  area  problems, 
issues,  needs,  and  concerns;  the  planning  objectives;  the  formulation 
of  alternative  plans;  and  the  design  of  component  systems.  It  also 
assesses  and  evaluates  impacts,  discusses  implementation  arrangements, 
and  summarizes  interaction  of  the  public  involvement  program 
with  the  planning  process. 

The  final  report  will  include  four  other  documents: 

•  Flood  Emergency  Plan  for  Grand  Forks,  North  Dakota. 

•  City  of  Grand  Forks,  Minnesota,  Civil  Defense  Flood  Fight  Plan. 

•  Comments  Appendix  which  presents  the  views  of  interested  parties 
based  on  their  review  of  the  urban  study's  various  reports. 

•  Summary  Report  which  summarizes  the  Plan  Formulation  Appendix 
for  the  nontechnical  reader. 

The  first  two  reports  outline  the  steps  local  interests  should  take  to 
prepare  for  and  conduct  a  flood  fight  or  emergency  evacuation. 

The  following  diagram  shows  the  report  components  and  their  comple¬ 
tion  schedule. 
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GRAND  FORKS  -  EAST  GRAND  FORKS  URBAN  WATER  RESOURCES  STUDY 


D  Draft  Report  ■  Final  Report 


THE  STUDY  AND  STUDY  AREA 

The  Grand  Forks-East  Grand  Forks  Urban  Water  Resources  Study  is  a 
cooperative  Federal,  State,  and  local  planning  effort  to  develop  viable 
alternative  water  resource  plans  for  flood  control,  water  supply,  and 
wastewater  management  within  the  study  area  for  short-range  (20-year)  and 
long-range  (50-year)  planning  periods. 

The  study  area  encompasses  14  townships  -  Grand  Forks,  Huntsville, 
Rhinehart,  and  Sullivan  Townships  of  Polk  County,  Minnesota,  and  Blooming, 
Brenna,  Chester,  Falconer,  Ferry,  Grand  Forks,  Mekinock,  Oakville,  Rye, 
and  Walle  Townships  of  Grand  Forks  County,  North  Dakota.  Major  population 
centers  are  the  cities  of  Grand  Forks  and  East  Grand  Forks  and  the  Grand 
Forks  Air  lorce  jase  near  Emerado.  Figure  2  locates  and  defines  the 
study  arer . 
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FLOOD  CONTROL 


GENERAL 


Within  the  study  area,  only  Grand  Forks  and  East  Grand  Forks  were 
identified  as  having  flood  problems.  Grand  Forks  and  East  Grand  Forks 
lie  on  the  west  and  east  banks,  respectively,  of  the  Red  River  of  the 
North  approximately  298  miles  above  the  mouth  of  the  river  at  Lake 
Winnipeg,  Manitoba,  Canada.  The  drainage  area  of  the  Red  River  at  Grand 
Forks-East  Grand  Forks  is  26,300  square  miles.  The  Red  Lake  River  bisects 
the  community  of  East  Grand  Forks  and  intersects  the  Red  River  upstream  of 
the  commercial  areas  of  both  cities.  The  Red  Lake  River  drains  approxi¬ 
mately  5,700  square  miles  in  Minnesota.  English  Coulee  is  another  im¬ 
portant  tributary  of  the  Red  River.  The  coulee  drains  approximately 
100  square  miles  in  North  Dakota  and  flows  through  Grand  Forks  to  its  con¬ 
fluence  with  the  Red  River  just  downstream  of  the  city. 

The  floodplains  of  these  three  watersheds  experience  frequent  flooding 
in  the  study  area.  Figure  3  identifies  floods  above  bank-full  stage  at  the 
U.S.  Geological  Survey  gage  on  the  Red  River  in  Grand  Forks.  Variations 
in  shading  on  the  graph  indicate  more  than  one  flood  during  the  year. 

The  horizontal  lines  on  the  graph  identify  the  various  levels  of  flooding 
based  on  historical  records. ^ 


(1)  The  St.  Paul  District  recently  reanalyzed  the  frequency-discharge 
relationship  for  the  Red  River  at  Grand  Forks  in  light  of  revised  U.S. 
Geological  Survey  discharge  estimates  for  major  floods  in  the  19th  century 
and  the  frequency  of  major  floods  in  recent  years  (including  back-to-back 
"floods  of  the  century"  in  1978  and  1979).  The  10-,  50-,  and  100-year 
crest  elevations  shown  on  figure  3  have  been  readjusted  in  accordance  with 
the  Corps’  new  relationship.  All  references  to  frequency-discharge  and 
frequency-elevation  relationships  in  this  report  are  based  on  the  "old" 
frequency-discharge  relationship.  Future  Corps  studies  will  be  based  on 
the  new  relationship.  The  new  relationship  increases  the  discharge  (hence 
the  elevation)  for  any  given  flood  frequency  -  for  example,  the  100-year 
event  increases  from  89,000  cfs  (cubic  feet  per  second)  to  about  106,000 
cfs  and  from  elevation  828.7  to  about  830.3. 
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FIGURE  3 

FLOODS  ABOVE  BANKFULL  STAG! 


St  PAUL  DISTRICT  CORPS  Of  ENGINEERS 


Principal  factors  contributing  to  flooding  include  the  very  flat 
river  slope,  northward  drainage,  channel  obstructions,  and  increasing 
agricultural  drainage  and  diking.  The  low  river  slope  of  one-half  foot 
per  mile  and  resultant  low  velocities  retard  drainage  from  the  area. 

The  flow  of  surface  runoff  from  southern  areas  into  still  frozen  river 
reaches  at  times  results  in  ice  jams  and  increased  river  stages.  Bridges 
over  the  river  obstruct  flood  flows  at  the  higher  flood  stages.  Local 
interests  strongly  feel  that  improved  agricultural  drainage  (e.g.,  of 
wetlands)  has  increased  runoff  to  the  extent  that  flooding  is  more  fre¬ 
quent  and  serious.  Farmer-constructed  dikes  downstream  have  significantly 
reduced  floodplain  storage  with  resultant  higher  flood  stages. 


The  area  is  subject  to  spring  floods  caused  mainly  by  snowmelt  runoff 
and  summer  floods  from  heavy  rains.  An  exception,  the  1965  flood,  was 
caused  principally  by  heavy  widespread  rainfall  over  deeply  frozen  soils. 

A  list  of  the  10  largest  floods  of  record  together  with  corresponding 
flood  crest  heights  and  discharges  is  given  in  table  1. 


Table  1-10  largest  flood  discharges. 

Red  River  of  the  North  at  Grand  Forks,  North  Dakota 


Order  of 
magnitude 

Date  of  crest 

Gage  heights  (feet) .  . 
Stage  Elevation^ 

Estimated  peak 
discharge  (cfs] 

1 

10  April  1897 

A9.3 

827.65 

85,000 

2 

26  April  1979 

A9.81 

82  7.16 

82,000 

3 

18  April  1882 

A  6. 3 

82 A. 65 

75,000 

A 

A  April  1966 

A5.55 

823.90 

55,000 

5 

11  April  1978 

A5.73 

82A.08 

5A.200 

6 

12  May  1950 

A5.5 

823.85 

5A , 000 

7 

16  April  1969 

A5.  69 

82A.0A 

53,500 

8 

2A  April  1893 

A3. 8 

822.15 

53,300 

9 

17  April  1965 

AA.92 

823.27 

52,000 

10 

2A  April  1975 

A3. 27 

821.62 

A 5, 000 

(1)  Gage  zero  **  778.35  (1929  adjustment). 


The  specific  planning  objectives  for  formulation  of  plans  for  flood 
control  in  the  study  area  include: 
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1.  Contribute  to  the  reduction  of  recurring  flood  losses  in  the 
Grand  Forks  and  East  Grand  Forks  area  to  relieve  the  economic  and 
psychological  burdens  on  society  and  local  residents  during  the  1980- 
2030  planning  period. 


2.  Contribute  to  the  maintenance  and  enhancement  of  the  environ¬ 
mental  quality  of  riverine  woodlands  and  wetlands  in  the  study  area  to 
increase  wildlife  and  recreational  values  during  the  1980-2030  planning 
period. 


3.  Contribute  to  development  of  a  plan  for  effective  floodplain 
management  for  the  1980-2030  planning  period  to  ensure  responsiveness  to 
local  desires,  compatibility  with  other  ongoing  planning  efforts,  and 
acceptability  to  area  residents. 

4.  Contribute  to  the  development  of  a  flood  emergency  plan  of 
action  to  ensure  efficient  local  reaction  to  serious  flood  threats  during 
the  1980-2030  planning  period. 

EAST  GRAND  FORKS  FLOOD  CONTROL 

East  Grand  Forks  is  protected  to  a  limited  degree  by  a  relatively 
unreliable  system  of  emergency  levees.  The  levees  were  built  by  the  Corps 
of  Engineers  with  local  cooperation  during  the  1965,  1966,  and  1969  emer¬ 
gency  flood  fights  and  subsequently  were  turned  over  to  the  city.  In  the 
absence  of  permanent  flood  protection,  a  large  part  of  the  East  Grand 
Forks  urban  area  is  subject  to  direct  (surface  water)  or  indirect  (sewer 
backup)  flooding.  With  the  emergency  levees  in  place,  flood  damages  of 
over  $2  million  were  averted  in  1965,  1966,  1969,  and  1978;  damages  pre¬ 
vented  in  1979  exceeded  $5  million.  A  1975  summer  flood  which  did  not 
allow  enough  time  for  an  effective  flood  fight  caused  about  $700,000  in 
damages. 

On  the  basis  of  a  1953  Definite  Project  Report  prepared  by  the 
St.  Paul  District,  Congress  authorized  a  levee  plan  for  East  Grand  Forks. 
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Until  recently,  the  authorized  plan  was  not  studied  further  because  the 
city  would  not  guarantee  that  it  would  meet  the  local  cooperation  require¬ 
ments.  However,  following  the  several  serious  floods  in  the  late  1960's, 
the  city  signed  an  official  agreement  indicating  willingness  to  participate 
in  the  project.  The  emergency  levees  generally  follow  the  alignment  of 
the  levees  authorized  in  the  1953  Definite  Project  Report  (figure  4). 

East  Grand  Forks  has  entered  the  regular  phase  of  the  Federal  Insurance 
Administration  flood  insurance  program  adopted  23  September  1977. 

Scope  of  the  East  Grand  Forks  Flood  Control  Study 


The  stage  2  flood  control  studies  for  East  Grand  Forks: 

•  Reviewed  the  adequacy  and  economic  feasibility  of  the  authorized 
levee  plan. 

•  Examined  the  feasibility  of  increasing  the  degree  of  protection 
offered  by  the  authorized  plan. 

•  Evaluated  flood  protection  for  areas  of  newer  development  upstream 
and  downstream  of  the  authorized  project. 

-'urther  postauthorization  studies  of  the  authorized  plan  and  variations 
are  being  conducted  as  a  Corps  Phase  I  Genera!  Design  rnndum,  not  as 
part  of  the  urban  study.  Therefore,  the  discussion  in  this  report  related 
to  the  authorized  levee  plan  reflects  stage  2  findings. 

The  scope  of  the  stage  3  flood  control  study  for  East  Grand  Forks  was 
limited  to  developing  a  flood  emergency  plan  of  action  to  ensure  that 
the  city’s  future  flood  fights  will  be  effective  and  coordinated  with 
other  involved  units  of  government. 


Problems  -  Issues  -  Needs  -  Concerns 


Several  problems  have  been  identified  related  to  inadequacies  of  the 
emergency  levee  system: 

•  Lack  of  interior  drainage  facilities  -  Lack  of  permanent 
pumping  stations  to  handle  interior  drainage  requires  emergency  pumping  of 
seepage  waters  and  normal  runoff  trapped  behind  the  levees  during  a  flood. 


•  Poor  soil  stability  along  existing  levee  alignment  -  A  weak  layer 

of  lacustrine  deposits  has  resulted  in  severe  slides  and  subsidence  of  portions 
of  the  emergency  levee  system.  A  damaging  slide  undergoing  continued  movement 
is  just  north  of  Sixth  Avenue  NW.  The  slide  has  caused  subsidence  of 

the  levee  and  damages  to  adjacent  residential  yards.  Another  slide  area  is 
located  in  the  commercial  parking  lot  just  downstream  of  DeMers  Avenue. 

•  Flood  protection  less  than  the  authorized  project  -  The  level  of 
flood  protection  of  the  emergency  levees  is  in  question.  The  levees  were 
raised  during  the  1979  flood  fight.  Following  the  flood,  the  extra  fill 
was  blended  into  the  levee  cross  section,  but  the  levees  were  not  returned 
to  their  pre-1979  configuration.  The  levees  were  resurveyed  in  conjunction 
with  the  Phase  I  study  but,  at  the  time  of  the  urban  study's  involvement, 
the  net  effect  of  the  levee  raise/regrading  was  not  certain.  Therefore, 
comments  in  this  report  related  to  levee  heights  are  based  on  pre-1979 
conditions.  The  pre-1979  levee  profile  would  contain  about  the  4-percent 
(25-year)  flood  with  3  feet  of  freeboard.  Table  2  relates  the  freeboard 
provided  by  the  emergency  levee  to  floods  of  various  frequencies.  The 
emergency  levee  without  further  modification  would  provide  no  freeboard 
for  an  estimated  flow  of  80,500  cfs,  frequency  of  1.45  percent  (69-year 
return  period),  and  elevation  828.0.  Less  frequent  flood  events  would 
overtop  the  emergency  levee  and  cause  devastating  damage. 


Table  2  -  Flood  protection  levels 


Level  of  protec¬ 
tion  in  percent 
(recurrence 
interval) 

Estimated 

flow 

(cfs) 

Estimated 

elevation 

(feet) 

Estimated 
elevation 
plus  3  feet  of 
freeboard  (feet) 

Freeboard 
provided  by 
emergency  levee 
(feet) 

4  (25-year) 

59,000 

825.0 

828.0 

3.0 

2  (50-year) 

74,000 

827.3 

830.3 

0.7 

1.5  (67-year) 

80,000 

827.8 

830.8 

0.2 

1  (100-year) 

89,000 

828.7 

831.7 

Overtops 

0.2  (500-year) 

130,000 

834.1 

837.1 

Overtops 

•  Inadequate  design  and  construction  of  existing  levees  —  The  term 
"emergency  levees"  reflects  the  haste  in  which  the  levees  were  built  to 
provide  emergency  flood  protection.  Accordingly,  the  emergency  levees  do 
not  satisfy  Corps  design  criteria  and  construction  procedures.  The  Corps 
Views  emergency  levees  only  as  a  means  of  reducing  flood  damages  during  the 
event  for  which  they  were  constructed.  Emergency  levees  do  not  provide 
reliable  protection  for  future  events  and  usually  are  not  credited  with 
reducing  average  annual  flood  damages.  In  the  event  of  a  major  flood, 
emergency  levees  are  very  susceptible  to  failure. 


•  False  sense  of  security  -  The  daily  visibility  and  continued  flood 
protection  offered  by  the  emergency  levees  build  local  confidence  in  the 
system  and  create  a  false  impression  that  adequate  protection  is  present 
or  will  be  forthcoming  in  another  emergency.  Therefore,  no  local  plan  of 
action  had  been  developed  to  upgrade  the  emergency  levees  during  nonflood 
periods  or  to  cope  with  the  situation  should  the  emergency  levees  be 
overtopped. 


•  Further  encroachment  of  emergency  levees  on  private  property  - 
Raising  and  widening  of  the  emergency  levee  system  during  a  flood  emergency 
in  the  Sixth  Avenue  NW  slide  area  may  require  relocation  of  several  garages 
and  possible  loss  of  23  residential  backyards. 

•  Easements  -  The  emergency  levee  between  Sixth  Avenue  NW  and 

10th  Avenue  NW  has  only  a  maintenance  easement  to  the  top  of  the  emergency 
levee,  with  access  only  from  either  end.  Additional  easements  would  be 
needed  in  a  flood  emergency  or  for  future  construction. 
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Even  with  the  emergency  levee  system,  East  Grand  Forks  remains  subject 
to  major  economic  flood  losses,  threats  to  public  health  and  safety,  and 
possible  loss  of  life.  Measures  are  needed  to  provide  a  level  of  protection 
commensurate  with  Corps  design  and  construction  standards  and  existing  local 

floodplain  and  flood  insurance  programs  and  to  maintain  an  up-to-date  flood 
emergency  plan  of  action. 

Formulation  of  Alternative  Flood  Barrier  Plans 


•  The  existing  emergency  levee  system  does  not  provide  adequate  flood 
protection.  The  emergency  levees  are  deficient  not  only  in  design  and  con¬ 
struction,  but  also  in  height  and  extent.  Retention  of  the  emergency  levee 
was  not  considered  to  be  a  desirable  or  viable  option  and  was  not  evaluated 
further. 

I 

•  The  authorized  project  plan  (plan  A)  would  protect  against  a  flood 
with  about  a  1.5-percent  chance  of  occurring  during  any  given  year.  The 
plan  includes  raising  and  widening  7,600  feet  of  emergency  levee 

and  replacing  part  of  the  existing  levee  with  1,500  feet  of  concrete 
floodwall  between  Sixth  Avenue  NW  and  the  Burlington  Northern  railroad 
bridge  (figure  5).  Interior  drainage  works,  a  ramp  over  the  levee  at  North 
Fourth  Street,  and  necessary  utility  relocations  would  be  provided. 

•  Modified  authorized  plan  (plan  B)  would  provide  the  same  degree 
of  protection  as  the  authorized  levee.  The  modified  plan  differs  from 
the  authorized  plan  in  that  a  concrete  floodwall  would  be  used  in  place  of 
an  earthen  levee  along  a  revised  alignment  riverward  of  First  Street  NW 
between  Sixth  and  10th  Avenues  NW,  Plan  B  (figure  6)  was  developed 
because  field  observations  indicated  that  the  slide  area  was  still  active 
and  that  realignment  or  raising  of  the  emergency  levee  was  not  practical 
without  relocation  of  several  garages  and  the  loss  of  23  residential  back¬ 
yards.  Plan  B  requires  complete  acquisition  of  these  23  residences  and 
relocation  of  the  residents,  but  most  likely  avoids  the  unstable  foundation 
conditions. 
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•  Modified  authorized  plan  C  would  protect  against  a  flood  with  a 
1-percent  chance  of  occurring  during  any  given  year.  The  plan  involves 
raising  modified  authorized  plan  B  approximately  1.6  feet  and  lengthening 
it  about  1,200  feet  (figure  6). 

•  New  development  plan  D  would  provide  protection  against  a  flood 
with  a  1-percent  chance  of  occurring  during  any  given  year  to  new  develop¬ 
ment  areas  north  of  the  authorized  project  limits.  This  plan  (figure  6) 
includes  1,800  feet  of  raised  road  and  2,800  feet  of  levee  together  with 
needed  utility  relocations  and  interior  drainage  works. 

•  New  development,  plan  E  would  protect  against  a  flood  with  a 
1-percent  chance  of  occurring  during  any  given  year  to  new  development 
areas  on  Minnesota  Point,  which  is  across  the  Red  Lake  River  from  the 
authorized  project.  This  plan  (figure  6)  includes  8,000  feet  of  levee, 

1,400  feet  of  concrete  floodwall,  3,100  feet  of  road  raise,  and  two 
closures  (Minnesota  Street  and  Second  Avenue  SE)  together  with  the  necessary 
utility  relocations  and  interior  drainage  works. 


Impact  Assessment  and  Evaluation  for  Flood  Barrier  Alternatives 

•  Economic  Impacts  -  Table  3  summarizes  the  estimated  costs  and  bene¬ 
fits  of  each  alternative.  Total  Federal  and  non-Federal  first  costs  were 
estimated  based  on  October  1977  price  levels.  The  authorized  plan  and  its 
modifications  were  evaluated  using  a  100-year  economic  life  and  both  the  au¬ 
thorized  interest  rate  (3  1/4  percent)  and  the  interest  rate  in  effect  dur¬ 
ing  the  stage  2  studies  (6  5/8  percent).  The  new  development  plans  were 
evaluated  only  at  6  5/8  percent.  Average  annual  benefits  were  derived  from 
field  surveys  conducted  in  September  1977. 
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*  ►  J  EASt  Grand  Forks  flood  barrier  alternatives 

Table  3  -  Comparison  of  costs  and  benefits,  bast  wrana  or  _ _____ 
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The  benefit-cost  ratios  indicate  two  economically  justifiable  plans: 
the  authorized  plan  A  (67-year)  and  the  modified  authorized  plan  C  (100-year) . 
These  plans  were  feasible  using  the  authorized  interest  rate  and  October  1977 
price  levels  for  construction  and  assuming  "existing  conditions"  damages 
without  projected  future  damages.  By  adding  benefits  attributable  to  the 
reduction  of  damages  to  future  growth,  it  is  possible  that  the  modified 
authorized  plan  B  might  also  be  feasible  at  the  authorized  interest  rate. 

No  plan  was  economically  feasible  at  the  6  5/8-percent  interest  rate. 

However,  no  consideration  was  given  to  average  annual  benefits  resulting  from  local 
employment  and  future  damage  growth.  If  these  factors  are  included,  econ¬ 
omic  feasibility  might  be  found  even  at  the  higher  interest  rate.  Flood 
protection  for  the  areas  north  and  south  of  the  authorized  plan  limits  was 
not  economically  feasible. 

The  authorized  plan  would  require  the  initial  expenditure  (first  costs) 
of  $7,047,000  and  $494,600  in  Federal  and  non-Federal  money,  respectively. 

In  addition,  local  interests  would  bear  annual  operation,  maintenance,  and 
major  equipment  replacement  costs  of  about  $15,000. 

The  modified  authorized  plan  C  (100-year)  would  require  the  initial 
expenditure  (first  costs)  of  $8,400,500  and  $2,350,600  in  Federal  and  non- 
Federal  money,  respectively.  Local  operation,  maintenance,  and  replacement 
costs  would  be  $14,700  annually. 

•  Environmental  Impacts  -  The  authorized  plan  (67-year)  would  require 

the  removal  of  40  to  50  large  trees  with  related  loss  of  native  wildlife. 

The  levee  would  be  located  away  from  the  wooded  riverbank  and  little  impact 
on  these  areas  is  anticipated.  Aesthetic  conditions  would  be  expected  to 
remain  the  same  as  those  with  the  existing  emergency  levee. 

The  modified  authorized  plan  C  (100— year)  would  be  essentially  the  same 
as  the  authorized  plan  (67-year)  with  a  slightly  greater  loss  in  aesthetics 
because  of  the  1.6-foot  raise  of  the  levee. 
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•  Social  Impacts  -  The  authorized  plan  (67-year)  wou;d  increase 
public  health  and  safety  as  a  result  of  added  flood  protection  in  the 
developed  area. 

The  modified  authorized  plan  C  (100-year)  would  sharply  reduce  the 
incidence  of  flooding  and  increase  public  health  and  safety  even  beyond 
the  authorized  plan  (67-year).  An  additional  53  flood-prone  structures 
would  be  protected  with  this  plan.  A  significant  adverse  effect  would 
be  the  removal  and  relocation  of  23  residences  and  relocation  of  the  occu¬ 
pants  due  to  the  revised  alignment.  It  is  anticipated  that  relocation 
assistance  payments  would  offset  moving  costs  and  that  the  purchase  of 
similar  dwellings  would  be  subject  to  local  housing  market  conditions. 

Flood  Emergency  Plan  of  Action 

The  seriousness  of  the  flood  threat  to  East  Grand  Forks  is  unquestioned 
as  are  the  inadequacies  of  the  existing  emergency  levee  system.  However, 
the  prospects  for  permanent  flood  protection  as  an  outcome  of  postauthoriza¬ 
tion  studies  are  uncertain.  The  authorized  plan  and  one  of  the  modified 
plans  appear  economically  justifiable  at  the  originally  authorized  interest 
rate;  however,  reviews  by  congressional  and  administration  committees 
concerned  with  fiscal  matters  may  prompt  a  recommendation  against  the  proj¬ 
ect  unless  feasibility  can  be  shown  at  current  interest  rates.  Also,  the 
impact  from  the  Corps'  recent  revision  of  the  frequency-discharge 
relationship  of  the  Red  River  at  Grand  Forks  has  not  been  factored  into 
the  analysis.  The  probable  result  will  be  higher  levees,  hence  higher 
costs,  but  also  greater  benefits  because  of  the  added  protection.  The 
net  effect  on  economic  feasibility  is  uncertain  at  this  time. 

Even  if  feasibility  is  shown,  several  years  might  pass  before  addi¬ 
tional  studies  and  plans  and  specifications  are  completed  and  before  con¬ 
struction  is  authorized  and  funds  are  appropriated.  Therefore,  for  at 
least  several  years  and  perhaps  the  foreseeable  future,  the  city  will  continue 
to  rely  on  emergency  flood  fighting.  Furthermore,  despite  the  city's  commend¬ 
able  and  effective  flood  fighting  as  exemplified  in  the  1979  spring  flood, 
the  directors  of  the  flood  fight  note  a  need  for  improved  organization  and 
documentation  if  less  experienced  people  are  in  charge  during  future  floods. 
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Therefore,  the  need  for  a  flood  emergency  plan  of  action  was  evident. 

If  a  permanent  levee  system  is  eventually  constructed,  the  emergency  plan 
could  be  revised  accordingly.  Extreme  flood  events  from  extraordinary 
combinations  of  meteorological  and  antecedent  moisture  conditions  can  and 
have  exceeded  the  design  capability  of  permanent  flood  barriers  in 
various  parts  of  the  country.  Therefore,  the  city  should  update  the  plan 
of  action  and  remain  prepared  to  upgrade  the  permanent  flood  protection  if 
needed  and  to  evacuate  if  the  permanent  protection  fails. 

The  objectives  of  the  flood  emergency  plan  of  action  were  to: 

•  Help  the  city  use  its  flood-fighting  resources  in  the  most 
effective  manner. 

•  Learn  from  past  flood  fights  -  take  advantage  of  the  trial  and 
error  process  of  previous  years,  anticipate  recurring  problems,  and  avoid 
repeating  unsuccessful  efforts. 

•  Hypothesize  possible  flood  emergency  situations  that  might 
require  actions  as  yet  untried  -  plan  for  contingencies  so  that  the  re¬ 
sponse  is  quick  and  effective. 

•  Provide  a  flexible,  evolving  manual  that  could  be  updated  as  experi¬ 
ence  or  community  changes  dictate. 

The  East  Grand  Forks  Civil  Defense  Director  and  the  consulting  firm 
which  serves  as  the  city's  engineers  prepared  the  manual  under  contract 
to  the  Corps  or  Engineers.  The  authors  also  enlisted  the  aid  and  input 
of  other  individuals  involved  in  leading  the  city's  1978  and  1979  flood 
fights. 

Items  addressed  in  the  manual  include: 

•  Flood  fight  organizational  structure  -  Respective  responsibilities 
of  23  units  handling  every  aspect  of  flood  fighting  from  food  services  to 
sandbag  filling  to  morgue  arrangements. 


•  Flood  emergency  center  -  Location,  equipment,  communications. 
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•  Cooperating  organizations  -  Responsibilities,  functions,  and  re¬ 
sources  of  city,  county,  regional.  State,  and  Federal  agencies  involved 
in  flood  fight  and  postflood  assistance. 

•  Preflood  preparations  -  Public  education  on  flood  insurance,  flood 
proofing,  and  flood  forecasts;  inventory  and  stockpiling  of  sand,  sandbags, 
pumps;  inspection  and  repair  of  flood  works. 

•  Conduct  of  the  flood  fight  -  Mobilizing  volunteers  and  equipment, 
effecting  closures,  capping  storm  sewer  outfalls,  ensuring  municipal 
services,  assisting  residents'  self-help  activities,  providing  protection 
breakdown  contingency  plans,  developing  evacuation  plans. 

•  Postflood  activities  -  Cleanup,  estimates  of  damages  and  flood 
fight  costs,  government  assistance. 

Summary  and  Recommendations 

Existing  emergency  levees  in  East  Grand  Forks  do  not  provide  adequate 
or  dependable  flood  protection.  The  city  remains  subject  to  major  economic 
losses,  threats  to  public  health  and  safety,  and  possible  loss  of  life. 
Consideration  must  be  given  to  upgrading  the  emergency  levees  to  provide 
properly  designed  and  constructed  flood  protection  commensurate  with 
local  floodplain  and  flood  insurance  programs. 


The  stage  2  studies  showed  that  authorized  plan  A  (67-year, level 
of  protection)  and  modified  authorized  plan  C  (100-year  level  of  protection) 
would  be  economically  feasible  at  the  authorized  (3  1/4  percent)  interest 
rate.  The  authorized  modified  plan  C  represents  the  more  technically 
feasible  plan  on  the  basis  of  current  design  criteria  and  poor  soil 
stability  along  the  authorized  alignment  and  is  recommended  for  further 
analysis  during  postauthorization  (Phase  I  General  Design  Memorandum) 
studies.  Flood  protection  for  new  development  areas  north  and  south  of 
the  authorized  plan  does  not  appear  to  be  economically  feasible;  however, 
because  of  the  damage  potential,  consideration  should  be  given  to 


alternative  flood  protection  measures  for  these  areas.  Postauthorization 
studies  might  also  consider  nonstructural  measures,  such  as  zoning  regu¬ 
lations,  land  use  regulation,  and  other  regulatory  measures  supplemented 
by  emergency  relief  measures. 

The  flood  emergency  plan  of  action  developed  in  stage  3  of  the  urban 
study  should  be  revised  if  postauthorization  studies  result  in  the  con¬ 
struction  of  permanent  flood  protection.  The  city  should  expedite  adoption 
of  the  provisions  and  recommendations  in  the  flood  emergency  plan  of  action. 
Pamphlets  and  a  professionally  narrated  slide  program  describing  the 
plan  of  action’s  features  were  prepared  during  the  urban  study.  These 
public  information  tools  should  be  used  by  the  city  to  ensure  residents 
and  flood  fighters  are  fully  aware  of  the  features  that  might  apply  to  them 
(e.g.,  emergency  evacuation  routes).  The  city  could  install  floodplain  in¬ 
formation  signs  in  flood-prone  areas  relating  local  water  levels  to  pre¬ 
dicted  U.S.  Geological  Survey  (USGS)  gage  readings.  Census-like  information 
should  be  solicited  from  residents  to  aid  in  plans  involving  evacuation  and 
voluntary  assistance. 

GRAND  FORKS  FLOOD  CONTROL 

Grand  Forks  has  emergency  levee  systems  in  the  Riverside  Park  and 
Central  Park  neighborhoods  and  a  permanent  flood  control  project  at  Lincoln 
Park  constructed  in  1958  by  the  Corps  of  Engineers.  Grand  Forks  was  subject 
to  major  flooding  as  recently  as  1965,  1966,  1969,  1975,  1978,  and  1979. 
However,  disasters  were  averted  through  flood  fighting  measures,  including 
the  construction  of  emergency  levees.  Without  emergency  levees,  flood 
damages  would  have  approached  $1  million  ■'n  1966  and  1969  (at  October  1977 
price  levels).  A  1975  summer  flood  which  provided  inadequate  response  time 
for  a  more  effective  flood  fight  resulted  in  about  $500,000  in  damages. 
Damages  prevented  by  the  existing  emergency  levees  and  the  flood  fight  in 
1979  approached  $8  million.  However,  considerable  damages  were  suffered 
by  residences  in  the  English  Coulee  floodplain  and  areas  subject  to  poor 
drainage.  A  flood  event  having  a  1-percent  chance  of  occurrence  in  any  given 
year  could  overtop  the  permanent  and  emergency  levees  and  cause  over 
$50  million  in  damages. 


Problems  -  Issues  -  Needs  -  Concerns 


At  Grand  Forks,  flooding  begins  at  a  Red  River  stage  of  about  28  feet 
at  the  USGS  gage  (elevation  806.35)  and  appreciable  flood  damage  begins 
at  a  stage  of  35  feet.  A  large  part  of  the  urbanized  area  is  subject  to 
either  surface  water  flooding  or  sewer  backup  (figure  7  -  see  outline  of 
1-percent  flood).  A  flood  with  a  1-percent  chance  of  occurrence  in  any 
given  year  would  subject  one-third  of  the  city  (over  2,600  buildings  and 
over  70  square  blocks  of  the  downtown  section)  to  direct  flooding. 

Specific  concerns  include: 

•  Permanent  flood  works  provide  a  relatively  low  level  of  protec¬ 
tion  -  The  existing  permanent  flood  control  project  at  Grand  Forks  was 
completed  in  1958  by  the  Corps  of  Engineers  and  consists  of  a  5,160-foot 
earthen  levee,  a  700-foot  concrete  floodwall,  and  interior  drainage  facili¬ 
ties  (figure  7).  The  project  was  designed  to  protect  the  Lincoln  Park 
neighborhood  from  a  79,000-cfs  or  2-percent  (50-year)  Red  River  flow  with 

2  feet  of  freeboard.  However,  two  factors  have  lowered  this  degree  of 
protection.  First,  soil  creep  has  caused  subsidence  of  the  structure 
over  the  years.  Second,  reanalysis  of  the  discharge- frequency  relation¬ 
ship  was  necessary  in  light  of  the  growing  period  of  record  and  recurring 
serious  floods  in  recent  years.  The  net  result  is  a  level  of  protection 
averaging  closer  to  a  30-year  flood.  And,  as  discussed  earlier,  more 
current  analyses  will  put  the  existing  level  of  protection  even  lower. 

An  occurrence  of  the  1-percent  flood  would  overtop  the  levee  by  more  than 
1  foot  in  some  spots. 

•  Poor  design  and  construction  of  emergency  levees  and  lack  of 
proper  interior  drainage  facilities  -  The  emergency  levees  were  constructed 
quickly  during  flood  emergencies  without  due  regard  for  Corps  design  criteria, 
including  accepted  minimum  levels  of  protection  in  a  densely  urbanized  area. 
During  a  major  flood,  the  levees  are  susceptible  to  erosion  and/or  over¬ 
topping.  The  emergency  levees  were  constructed  by  the  Corps  of  Engineers 

and  turned  over  to  the  city  of  Grand  Forks.  The  Central  Park  levee  (figure  7) 
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FIGURE  7 


was  constructed  during  the  1971  flood  emergency.  The  levee  is  1,500 
feet  long  with  an  average  10-foot-top  width  and  3  horizontal  on  1  vertical 
side  slopes  and  has  a  maximum  height  of  about  10  feet.  The  top  of  the 
levee  corresponds  to  a  stage  of  45.8  feet  (elevation  824.2  as  measured 
at  the  USGS  gage).  The  levee  lacks  interior  drainage  facilities,  requires 
extremely  long  sandbag  or  other  methods  of  closure,  and  is  inadequate  in 
design  and  construction.  The  other  emergency  flood  barrier  is  located  in 
the  Riverside  Park  area  between  U.S.  Highway  2  on  the  south  and  Riverside 
Park  on  the  north  (figure  7).  This  barrier  was  constructed  in  1975  and 
consists  of  a  3,450-foot  earthen  levee  and  wood  plank  wall.  The  2,800-foot 
levee  has  an  8-foot-top  width,  an  average  8-foot  height,  and  side  slopes 
varying  from  2  on  1  to  3  on  1  on  the  riverward  side  and  3  on  1  to  4  on  1 
on  the  landward  side.  A  650-foot  wood  plank  wall  supported  by  8-  by  8- 
inch  beams  on  6-foot  centers  constitutes  the  remainder  of  the  flood  barrier. 
The  levee  lacks  interior  drainage  facilities  and  is  inadequate  in  design 
and  construction.  In  the  1979  flood,  a  sewerline  burst  behind  the  plank 
wall  and  four  homes  were  completely  flooded;  a  backup  levee  saved  the 
rest  of  the  neighborhood^^ 

* 

•  False  sense  of  security  -  The  existence  of  the  emergency  levees 
creates  a  false  impression  that  protection  is  adequate. 

•  Unstable  foundation  conditions  -  The  existing  emergency  levees 
are  located  on  or  near  unstable  riverbank  areas  consisting  of  a  weak  layer 
of  lacustrine  deposits  laid  down  in  glacial  Lake  Agassiz  (figure  7).  An 
active  slide,  located  under  the  upstream  end  of  the  Riverside  Park  levee, 
started  in  1972.  Addition  of  more  emergency  levee  fill  in  1976  increased 
the  rate  of  movement  with  subsequent  subsidence  of  the  levee  and  cracking 
of  nearby  building  foundations.  Other  slides  have  occurred  in  1946  at 
the  city  waterworks  and  in  1953  at  the  upstream  end  of  the  existing  Corps 
project.  A  slide  area  farther  upstream  at  the  Elks  Club  parking  lot  is 
active  with  observed  vertical  displacement  of  over  2  feet  in  the  paved 
parking  lot. 

(1)  After  the  1979  flood,  the  city  razed  these  four  homes  and  the  wood 
plank  wall  and  extended,  raised,  and  realigned  portions  of  the  emergency 
levee. 


•  Inadequate  flow  capacity  along  English  Coulee  -  During  the  1979 
flood,  the  Burlington  Northern  railroad  bridge  caused  nearly  3  feet  of 
head  loss  during  coulee  runoff,  contributing  to  serious  flooding  in  the 
western  part  of  Grand  Forks,  including  the  inundation  of  about  200  resi¬ 
dences  and  accounting  for  the  bulk  of  the  city's  flood  damages  and  1,400 
evacuees.  Other  obstructions,  check  dams,  culverts,  and  bridges  also 
contributed  to  a  loss  of  flow  capacity. 

•  Lack  of  flood  fight  preparations  along  English  Coulee  -  During  the 
1979  flood,  coulee  runoff  resulted  in  flood  stages  surpassing  the  100-year 
levels  shown  in  the  Grand  Forks  Flood  Insurance  Study.  The  crest  arrived 
with  little  forewarning,  trapping  people  in  their  residences  and  flooding 
parked  cars.  No  one  anticipated  direct  flooding  of  this  magnitude  from 
English  Coulee;  the  recognized  threat  was  from  backwater  from  high  stages 

on  the  Red  River. 

•  Urban  drainage  deficiencies  -  The  flat  terrain  and  poorly  defined 
drainage  courses  cause  overland  sheet  flow  in  major  runoff  events.  These 
problems  will  worsen  as  continued  urban  development  destroys  natural 
infiltration  and  storage  areas  and  results  in  greater  runoff  volume  and 
higher  peak  discharges. 

Conduct  of  Grand  Forks  Studies 


In  stage  2,  Grand  Forks'  flood  problems  were  split  into  two  related 
topics  examined  in  separate  studies:  Red  River  of  the  North  flood  control 
and  urban  drainage  problems.  Flooding  along  English  Coulee  was  felt  to 
be  primarily  a  function  of  backwater  from  the  Red  River;  its  treatment 
in  the  flood  control  study  was  limited  in  scope;  more  attention  was  given 
to  English  Coulee  flooding  as  an  urban  drainage  problem. 

In  stage  3,  however,  following  the  1979  spring  flood  when  direct 
flooding  from  coulee  runoff  became  a  major  issue,  English  Coulee  was  re¬ 
examined  in  both  the  flood  control  and  urban  drainage  studies.  The  focus 
of  the  two  studies  began  to  blur  and  merge  as  the  seriousness  of  the  urban 
drainage  problem  elevated  it  to  a  major  flood  control  concern. 
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However,  for  clarity  in  this  appendix  and  in  keeping  with  the  initial 
sepration  of  the  two  topics,  the  following  discussion  focuses  first  on 
the  flood  control  studies  and  second  on  the  urban  drainage  studies. 

Flood  Control  Alternative  Formulation 


The  flood  control  study  area  for  Grand  Forks  consists  of  the  Red  River 
of  the  North  floodplain  and  the  English  Coulee  floodplain  within  the  city 
limits.  To  aid  in  the  analysis  of  flood  damage  reduction  needs,  the  study 
area  was  separated  into  six  reaches  (listed  below  and  shown  on  figure  7) : 

Reach  1  -  South  city  limits  to  Almonte  Avenue.  This  reach  includes 
the  Belmont  Coulee  and  Belmont  Road  areas  from  the  southern  city  limits 
to  near  the  upstream  end  of  the  Lincoln  Park  levee/floodwall  project. 

Reach  2  -  Almonte  Avenue  to  Seventh  Avenue  South  extended.  This  reach 
covers  the  Lincoln  Park  levee/floodwall  project. 

Reach  3  -  Seventh  Avenue  South  extended  to  Minnesota  Avenue.  This 
reach  includes  the  Central  Park  neighborhood  and  existing  emergency  levee. 

The  downstream  limit  coincides  with  the  confluence  of  the  Red  and  Red  Lake 
Rivers . 

Reach  4  -  Minnesota  Avenue  to  Seventh  Avenue  North.  This  reach  covers  the 
downtown  business  district. 

Reach  5  -  Seventh  Avenue  North  to  Coulee  Drive.  This  reach  covers 
the  Riverside  Park  neighborhood  and  existing  emergency  levee. 

Reach  6  -  English  Coulee  from  the  mouth  to  17th  Avenue  South.  This 
reach  covers  the  coulee  to  the  approximate  upstream  limits  of  the  100-year 
flood  outline  defined  by  the  Federal  Insurance  Administration's  30  September 
1977  Flood  Boundary  and  Floodway  Map. 
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In  stage  2,  six  nonstructural  and  four  structural  alternatives 
were  considered.  The  nonstructural  alternatives  were  formulated  for  a 
100-year  level  of  protection;  the  structural  alternatives  were  formu¬ 
lated  for  50-year,  100-year,  and  standard  project  flood  protection. 

Nonstructural  alternatives  considered  were: 

•  Flood  warning  and  forecasting  services  -  Flood  warning  pre¬ 
dicts  the  time  and  magnitude  of  a  flood  so  that  emergency  measures  can 

be  taken.  Forecasting  services  for  flash  floods  and  spring  runoff  floods 
would  be  provided  by  the  National  Weather  Service  office  in  Fargo, 

North  Dakota. 

•  Flood  insurance  -  The  flood  insurance  program  established  by 
the  National  Flood  Insurance  Act  of  1968  makes  available  specified  amounts 
of  flood  insurance  previously  unavailable  from  private  insurers.  Grand 
Forks  has  complied  with  the  requirements  for  eligibility  in  the  regular 
program,  and  flood  insurance  is  available  for  structures  and  contents 

at  actuarial  rates. 

•  Floodplain  regulations  and  practices  -  Grand  Forks  has  adopted 
a  floodplain  zoning  ordinance  to  regulate  and  manage  flood-prone  areas. 
The  ordinance  establishes  zoning  districts  and  restricts  uses  for  each 
district.  The  ordinance  also  requires  building  permits  which  take  the 
flood  hazard  into  account  and  flood  proofing  certification  based  on 

the  city's  flood  proofing  code. 

•  Evacuation  and  relocation  -  Permanent  evacuation  of  all  flood- 
prone  structures  from  floodplain  areas  would  involve  acquisition  of  lands 
by  purchase,  removal  of  improvements,  evacuation  of  the  population,  and 
conversion  of  the  lands  to  uses  less  susceptible  to  flood  damage.  Re¬ 
development  areas  for  displaced  residences  and  businesses  (over  2,600 
structures)  would  probably  be  available  west  and  southwest  of  the  Grand 
Forks  urbanized  area. 


36 


•  Flood  proofing  -  In  general,  any  structure  not  more  than  100 
feet  within  the  100-year  flood  outline  and/or  having  a  first-floor 
elevation  not  more  than  2  feet  below  the  100-year  water  surface  eleva¬ 
tion  was  considered  for  flood  proofing  -  a  total  of  2,400  residences, 
businesses,  and  public  buildings. 

•  Emergency  flood  fighting  and  relief  activities  -  When  flooding 
is  imminent,  Grand  Forks  would  arrange  for  mobilization  of  personnel, 
equipment,  and  supplies  to  meet  the  flood  threat.  For  flood  elevations 
which  may  exceed  the  protection  provided  by  existing  flood  works,  addi¬ 
tional  flood  fighting  activities  may  be  required,  including  closures, 
temporary  interior  drainage  pumping,  increasing  the  existing  level  of 
protection,  and  evacuation.  Also,  under  Public  Law  99,  Federal  assist¬ 
ance  is  available  for  emergency  flood  protection  when  requested  by  the 
city  and  when  the  city's  available  resources  have  been  exhausted. 

Structural  alternatives  considered  were: 

•  Flood  barriers  -  Flood  barriers  were  evaluated  for  Reaches  1-5; 
flood  barriers  were  considered  impractical  for  Reac.i  6  (English  Coulee) 
because  of  the  widely  scattered  flood-prone  property.  The  flood  works 
consisted  of  appropriate  combinations  of  floodwalls,  road  raises,  clo¬ 
sures,  ramps,  interior  drainage  measures .  and  necessary  relocations. 

All  flood  barriers  would  provide  3  feet  of  freeboard  over  the  design 
flood  level. 

•  Diversion  channel  -  A  diversion  channel  constructed  around  the 
west  side  of  Grand  Forks  would  carry  all  flood  flows  in  excess  of  the 
Red  River's  bank-full  capacity.  A  movable  gate  diversion  structure  would 
be  placed  across  the  Red  River  channel.  The  13.7-mile  grassed  channel 
would  have  an  average  depth  of  20  feet  and  a  bottom  width  of  over  1,400 
feet  for  the  standard  project  flood.  The  floodway  would  cross  major 
highways  at  five  points,  railroad  tracks  at  four  points,  and  numerous 
county,  township,  and  private  roads.  Local  drainage  ditches  and 
English  Coulee  would  require  closures  at  their  intersections  with  the 
diversion  channel. 
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•  Reservoir  storage  -  A  recent  unpublished  study  by  the  St.  Paul 
District,  Corps  of  Engineers,  indicates  that  a  reservoir  on  the  Red  Lake  River 
could  reduce  the  100-year  flood  crest  by  1  foot  at  Grand  Forks.  Studies  of 
authorized  reservoirs  on  the  Wild  Rice  and  Sheyenne  Rivers  indicate  addi¬ 
tional  stage  reductions  of  one-half  foot  each  at  Grand  Forks. 

•  Channel  modification  -  This  work  would  include  widening  both  banks 
of  the  Red  River,  cutting  off  meanders,  deepening  the  channel,  and  raising 
bridges  to  provide  clearance  for  floodwater,  debris,  and  ice. 

During  impact  assessment  and  evaluation  of  the  above  measures,  the 
following  conclusions  were  reached: 

•  The  only  structural  plan  demonstrating  economic  feasibility  was 
to  increase  the  level  of  protection  provided  by  the  existing  permanent 
levee /floodwall  to  50  years.  Benefits  and  costs  of  the  reservoir  and 
channel  modification  plans  were  not  analyzed  in  detail;  however,  the 

Red  Lake  River  reservoir  was  found  economically  infeasible  in  another 
study  and  reservoirs  on  the  Wild  Rice  and  Sheyenne  Rivers  would  not  be 
operational  for  years.  Channel  modification  was  found  to  have  so  little 
hydraulic  effect  as  to  obviously  not  justify  the  costs  and  environmental 
impacts. 

•  Several  nonstructural  meaaures  (flood  forecasting,  emergency 
flood  fighting,  flood  insurance,  and  floodplain  regulations)  would  be 
partially  effective  in  that  they  could  provide  warning,  temporary  flood 
works,  mitigation  for  flood  victims,  and  a  means  for  preventing  further 
unwise  floodplain  development.  However,  these  measures  would  not  alone 
or  in  combination  provide  a  comprehensive  solution  to  Grand  Forks*  flood 
problems. 

On  the  basis  of  stage  2's  findings  and  subsequent  coordination  with 
local  interests,  eight  measures  were  studied  in  stage  3: 
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•  Increase  level  of  protection  of  existing  permanent  levee/ 
floodwall  -  This  plan  was  the  only  economically  feasible  structural 
plan  in  stage  2. 

•  Construct  a  permanent  flood  barrier  to  protect  the  Riverside 
Park  neighborhood  -  This  alternative  is  a  variation  on  the  one  found 
economically  infeasible  in  stage  2;  the  four  houses  flooded  by  the 
1979  flood  would  be  razed  and  the  timber  floodwall  in  this  area  re¬ 
placed  by  a  realigned  levee  or  floodwall. 

•  Construct  a  closure  structure/pumping  station  near  the  mouth 
of  English  Coulee  -  This  plan  was  briefly  addressed  in  stage  2,  but  not 
evaluated.  It  would  prevent  backwater  flooding  from  high  Red  River 
stages  and  handle  coincidental  coulee  runoff  with  the  pumping  station. 

•  Divert  Red  Lake  River  floodwaters  around  the  urban  area  via 
Grand  Marais  Coulee  -  This  plan  was  recommended  for  study  in  the  stage  2 
report. 

•  Combine  evacuation  and  flood  proofing  in  selected  areas  of 
Reaches  1  and  6  -  Stage  2  found  total  evacuation  or  total  flood  proofing 
of  all  structures  in  the  floodplain  to  be  economically  infeasible,  but 
recommended  further  consideration  in  certain  areas. 

•  Construct  closure  structure/pumping  station  at  Belmont  Road 
crossing  on  Belmont  Coulee  -  This  plan  is  sii  lar  in  intent  to  the  English 
Coulee  facility.  The  North  Dakota  State  Water  Commission  developed 

the  plan  being  evaluated. 

•  Raise  Belmont  Road  to  prevent  overtopping  by  Red  River  flood- 
waters  -  This  plan  would  protect  a  neighborhood  across  from  Lincoln  Park. 

•  Construct  flood  barriers  along  English  Coulee  -  This  scheme  was 
considered  in  stage  2  and  felt  to  be  impractical;  but,  in  light  of  1979's 
unprecedented  direct  flooding  from  coulee  runoff  rather  than  the  backwater 
flooding  considered  in  stage  2,  it  was  felt  prudent  to  reassess  this 
alternative . 


Where  practical,  thrae  levels  of  protection  were  considered  - 
25-, 50-,  and  100-year.  The  stage  2  findings  showed  no  economic  feasibility 
for  protection  in  excess  of  50  years;  hence,  stage  3  focused  on  protection 
in  the  100-year  and  under  range.  Several  of  these  plans  had  not  been  evaluated 
in  stage  2;  rather,  they  were  developed  or  recognized  subsequent  to  the  main 
efforts  in  stage  2.  Therefore,  the  consulting  engineer  contracted  to  do  the 
stage  3  studies  was  directed  to  initially  provide  stage  2  rather  than 
stage  3  level  of  detail,  but  with  improved  field  data  to  ensure  technically 
and  economically  more  reliable  results.  The  social  and  environmental  assess¬ 
ment  was  limited  to  identification  of  obvious,  debilitating  impacts  that  would 
in  all  likelihood  preclude  eventual  implementation.  It  was  intended  that, 
if  any  alternative  passed  this  early  stage  3  screening,  a  follow-up  contract 
would  be  awarded  for  more  detailed  economic,  social,  and  environmental  studies. 
This  plan  was  later  modified  and,  as  discussed  below,  further  studies  were 
recommended  for  transfer  from  the  urban  study  to  another  Corps  authority. 

A  brief  description  of  these  alternatives  follows: 

•  Increase  level  of  protection  of  existing  permanent  levee/floodwall  - 
The  existing  structure  was  designed  to  provide  50-year  protection  with  2  feet 
of  freeboard.  A  reassessment  shows  approximately  a  30-year  level  of  protec¬ 
tion  with  3  feet  of  freeboard.  Topographic  surveys  showed  that  adjacent 

high  ground  was  too  low  to  provide  tiebacks  to  either  a  50-  or  100-year 
level  of  protection  with  3  feet  of  freeboard.  The  highest  practical  tie- 
back  on  the  north  (levee)  end  of  the  existing  flood  barrier  is  only  about 
1.8  feet  above  the  average  top  elevation  of  the  existing  levee;  the  high¬ 
est  tieback  on  the  upstream  (floodwall)  end  is  no  higher  than  the  average 
top  elevation  of  the  existing  floodwall.  The  highest  practical  level  of 
protection  is  about  47  years.  This  increase  in  protection  would  require 
levee  and  floodwall  extensions  (figure  8),  the  removal  of  2  homes,  and 
landscape  changes  to  10  other  homes. 

•  Construct  a  permanent  levee  to  protect  the  Riverside  Park  neighbor¬ 
hood  -  The  city’s  planned  acquisition  of  the  four  Riverside  Park  homes 
flooded  in  the  1979  spring  flood  led  to  consideration  of  two  alternatives 

to  the  permanent  levee/floodwall  scheme  evaluated  in  the  stage  2  report 
(figure  9).  One  alternative  consists  of  a  levee  around  the  entire  area; 
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this  scheme  requires  the  removal  of  all  the  homes  (22)  riverward  of  River¬ 
side  Drive.  The  other  alternative  uses  a  floodwall  to  reduce  the  taking 
of  homes  to  six.  Both  alternatives  would  provide  permanent  interior 
drainage  facilities.  These  alternatives  were  evaluated  at  50-  and  100-year 
levels  of  protection. 

•  Construct  a  closure  structure  near  the  mouth  of  English  Coulee  - 
This  facility  would  prevent  flooding  of  properties  along  the  banks  of 

the  coulee  from  Red  River  floodwaters  backing  up  the  coulee.  As  formulated, 
the  facility  would  consist  of  a  controlled  closure  structure  located  immedi¬ 
ately  downstream  of  Mill  Road  (figure  10)  and  sufficient  pumping  capacity 
to  pass  coulee  flows  when  the  closure  structure  is  closed.  The  controlled 
outlet  on  the  closure  structure  would  normally  be  open  to  permit  gravity 
drainage  of  coulee  flows.  During  high  Red  River  stages,  however,  the  out¬ 
let  would  be  closed  to  prevent  the  intrusion  of  Red  River  floodwaters. 

The  pumps  would  have  to  handle  coulee  runoff  exceeding  the  available  in¬ 
channel  storage.  Depending  on  the  ultimate  fate  of  various  diversion 
schemes  and  a  dry  dam  being  considered  for  the  upper  coulee  watershed  by 
the  SCS  and  the  Grand  Forks  County  Water  Management  and  Control  Board, 
the  100-year  flows  down  the  coulee  could  range  from  less  than  1,000  to 
nearly  2,400  cfs.  Attenuation  of  these  peak  flow  rates  from  the  available 
in-channel  storage  volume  would  reduce  pumping  rates  but  not  enough  to 
offset  the  need  for  extremely  expensive  pumping  facilities. 

•  Divert  Red  Lake  River  floodwaters  via  Grand  Marais  Coulee  - 
Grand  Marais  Coulee  begins  near  Fisher,  Minnesota,  and  runs  northwesterly 
about  23  valley  miles  to  its  confluence  with  the  Red  River  about  10  miles 
downstream  of  Grand  Forks  (figure  11).  The  coulee  drains  a  275-square 
mile  drainage  area.  Flows  vary  from  little  or  no  flow  during  late  summer 
and  winter  to  a  projected  3,500  cfs  at  the  U.S.  Highway  220  bridge  during 

a  100-year  flood.  High  stages  on  the  Red  Lake  River  can  spill  over  into  the 
coulee  drainage  at  a  point  about  4  miles  downstream  from  Fisher.  Field 
surveys  show  these  overflows  begin  when  the  Red  Lake  River  flow  reaches  about 
13,000  cfs  (a  5-year  flow).  The  scheme  that  was  considered  would  divert 
11,500  cfs  of  the  100-year  Red  Lake  River  discharge  down  the  coulee  via  a 
fixed  crest  spillway.  Computer  studies  show  the  existing  coulee  channel 


has  a  bank-full  capacity  of  only  about  3,000  cfs;  numerous  small  bridge  and 
culvert  openings  and  natural  channel  constrictions  severely  restrict  flow. 
Thus,  the  considered  diversion  would  cause  major  flooding  along  the  coulee 
in  its  existing  state,  causing  serious  damages  to  adjacent  farmlands, 
roads,  and  bridges.  To  pass  the  considered  11,500  cfs  plus  the  coulee's 
own  100-year  runoff,  the  coulee's  channel  would  have  to  be  widened  to  a 
200-foot  bottom  width,  several  meanders  would  be  cut  off,  and  1  railroad 
and  12  highway  bridges  would  have  to  be  replaced. 

•  Combine  evacuation  and  flood  proofing  in  Reaches  1  and  6  - 
Criteria  were  established  for  flood  proofing:  a  structure  should  not  be 
more  than  100  feet  within  the  100-year  flood  outline  and/or  should  not  have 
a  first-floor  elevation  more  than  2  feet  below  the  100-year  flood  elevation. 
Structures  not  meeting  these  criteria  would  be  evacuated  -  either  relocated 
to  a  flood-free  site  or  razed  depending  on  structure  type  and  condition. 

Types  of  flood  proofing  measures  considered  included  low  berms  or  concrete 
walls  to  protect  walkout  basements  or  small  clusters  of  structures,  perma¬ 
nent  or  temporary  bulkheads  on  low-level  door  or  window  openings,  floor 
drain  standpipes  and/or  check  valves,  relocation  of  utilities  and  other 
equipment  to  higher  floors,  reinforcement  and  waterproofing  of  masonry 
walls,  raising  the  structure  on  earth  fill,  and  closures  on  selected  cul¬ 
verts  to  prevent  backwater  flooding.  In  Reach  1,  256  residences  and 
2  public  structures  could  be  flood  proofed  (figure  12).  In  Reach  6, 
approximately  358  residences,  15  commercial/industrial  structures,  and 
11  public  buildings  are  located  in  the  English  Coulee's  100-year  floodplain. 
The  Reach  6  alternative  that  was  considered  assumes  the  city's  recently 
completed  project  to  protect  the  Westward  Acres  portion  of  the  city  (located 
'ust  south  and  east  of  the  DeMers  Avenue -Columbia  Road  intersection)  protects 
to  the  100-year  level.  This  project  involved  raising  South  30th  Street 
and  installing  flap  gates  on  two  storm  sewers;  in  addition,  during  floods, 
the  city  will  need  a  temporary  sandbag  closure  across  DeMers  Avenue.  The 
flood  proofing  and  evacuation  alternative  was  examined  at  the  25-,  50-, 
and  100-year  levels  of  protection.  At  the  100-year  level,  132  structures 
would  be  involved  (figure  13). 
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FIGURE  13 


•  Construct  closure  structure/pumping  station  at  the  Belmont  Road 
crossing  of  Belmont  Coulee  -  The  plan  that  was  originally  developed  by 
the  North  Dakota  State  Water  Commission  would  protect  to  the  100-year 
level.  The  closure  structure  would  tie  into  the  existing  Belmont  Road. 

A  flap-gated  culvert  would  pass  coulee  flows  to  the  Red  River  under  non¬ 
flood  conditions.  When  the  Red  River  was  flooding,  the  culvert  would  be 
sealed  and  pumps  would  be  used  to  discharge  runoff  from  the  coulee's 
drainage  area. 

•  Raise  Belmont  Road  to  prevent  overtopping  by  Red  River  floodwaters 
The  road  would  be  raised  between  13th  and  17th  Avenues  South  (a  total  length 
of  about  1,160  feet).  The  maximum  practical  raise  would  protect  to  about 
the  30-year  level. 

•  Flood  barriers  along  English  Coulee  -  This  alternative  was  dis¬ 
missed  as  impracticable  and  economically  unjustifiable  by  the  consultant 
without  resorting  to  a  formal  formulation  and  evaluation.  Room  between 
many  structures  and  the  coulee  for  Corps-standard  levees  is  insufficient 
and  the  extent  of  either  levees  or  floodwalls  that  would  be  needed  would 
be  too  costly  to  justify  given  the  relatively  low  density  of  damageable 
properties  that  would  be  protected.  Thus,  this  alternative  was  dropped 
from  further  consideration. 


Alternative  Evaluations  and  Impact  Assessments 

Construction  costs  for  these  alternatives  included  a  25-percent 
factor  for  contingencies  and  15  percent  to  cover  engineering,  design, 
supervision,  and  administration.  First  costs  were  amortized  using  an 
interest  rate  of  6  7/8  percent  over  a  100-year  economic  life  and  August 
1979  price  levels.  Annual  costs  also  included  operation  and  maintenance 
expenses.  Annual  benefits  were  computed  from  the  damage-elevation, 
elevation-discharge,  discharge-frequency,  and  frequency-damage  relation¬ 
ships  developed  for  the  stage  2  studies  with  results  updated  to  August 
1979  price  levels.  In  accordance  with  floodplain  regulations,  it  was 
assumed  that  the  number  of  flood-prone  structures  would  not  increase  over 
the  50-year  period  of  analysis.  However,  increases  in  damages  resulting 

primarily  from  the  growing  value  of  residential  contents  were  included. 
Table  4  summarizes  the  first  costs,  annual  costs,  annual  benefits,  and 
benefit-cost  ratios  for  the  various  alternatives  and  options  that  were 
completely  evaluated. 
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The  only  structural  measure  that  appears  economically  justifiable 
is  the  Lincoln  Park  flood  barrier  raise.  However,  current  policy  does  not 
permit  Corps  involvement  in  a  permanent  structural  project  providing  such 
a  low  degree  of  protection  for  an  urban  area.  The  potential  for  catastrophe, 
including  possible  loss  of  life,  is  considered  too  high.  If  a  flood  exceeds 
the  level  of  protection,  the  sudden  influx  of  floodwaters  could  cause 
more  damages  than  the  slow  rise  of  floodwaters  under  natural  conditions. 
Furthermore,  the  physical  barrier  provided  by  a  levee  can  give  a  false 
sense  of  security  and,  therefore,  encourage  residents  to  remain  in  their 
homes  during  a  flood  threat  thereby  increasing  the  risk  of  injury  or  loss 
of  life.  Consequently,  this  particular  measure  is  not  implementable  insofar 
as  Corps  participation  is  concerned. 

The  English  Coulee  closure  alternative  is  marginally  infeasible  with 
a  benefit-cost  ratio  of  0.92  at  the  100-year  level  of  protection.  Further¬ 
more,  preliminary  surveys  of  adjacent  high  ground  show  the  maximum  freeboard 
at  this  level  of  protection  would  be  2.5  feet  instead  of  the  desired  3  feet. 
However,  this  alternative  is  recommended  for  further  investigation  because 
the  quality  of  available  hydraulic,  hydrologic,  and  flood  damage  data  for 
the  coulee  is  relatively  poor;  more  detailed  studies  could  significantly 
affect  economic  feasibility. 

The  two  nonstructural  measures  -  flood  proofing  and  evacuation  in 
Reaches  1  and  6  -  also  appear  to  warrant  further  consideration.  In  Reach  1, 
the  benefit-cost  ratio  exceeds  1.0  below  the  50-year  level  of  protection. 

In  Reach  6,  the  benefit-cost  ratio  is  well  above  1.0  up  to  and  beyond  the 
100-year  level  of  protection,  although  the  economic  optimum  appears  to  be 
at  a  lower  level  of  protection. 

Adverse  environmental  and  social  impacts  of  evacuation  and  flood 
proofing  in  Reaches  1  and  6  are  minor.  Relatively  few  structures  would 
be  evacuated;  hence,  social  disruption  would  be  insignificant.  It  also 
follows  that  the  costs  and  environmental  consequences  of  a  redevelopment 
area  for  relocated  homes  and  businesses  would  be  minimal.  Relatively 
minor,  short-term  environmental  degradation  would  be  incurred  during 
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construction  as  a  result  of  dust  and  turbid  runoff,  but  these  impacts 
could  be  controlled  through  standard  construction  practices.  Providing 
flood  protection  would  provide  significant  social  benefits  that  would  far 
outweigh  the  few  negative  aspects. 

The  impacts  from  the  English  Coulee  closure  structure /pumping  station 
would  be  relatively  minor  -  no  relocations  would  be  needed  and  the  environ¬ 
ment  at  the  facility's  site  is  already  disturbed.  Adverse  environmental 
and  social  impacts  of  the  other  alternatives  are  generally  significantly 
greater.  The  flood  barrier  alternatives  involve  removal  of  2  to  22  homes 
which,  in  the  latter  case,  represents  a  significant  social  minus.  The 
environmental  impacts  would  not  be  major  because  most  of  the  lands  required 
are  already  used  for  emergency  flood  works  or  would  be  evacuated  homesites. 

The  Grand  Marais  Coulee  diversion  scheme  would  result  in  major 
deleterious  environmental  consequences.  The  coulee  is  a  rich  source  of 
wildlife;  a  great  change  in  flood  frequency  and  magnitude  and/or  a  channel 
widening  and  straightening  project  would  probably  destroy  a  large  share  of 
the  coulee's  natural  habitat. 

Recommendations 


The  following  recommendations  are  directed  at  two  audiences:  local 
interests  -  regarding  what  they  might  do  with  a  reasonable  investment  to 
significantly  reduce  their  flood  susceptibility  -  and  Corps  higher 
authority  -  regarding  what  direction  future  studies  might  take  to  determine 
the  eventual  Federal  role  in  permanent  flood  damage  reduction  measures. 

The  following  recommendations  are  abbreviated  versions  of  those  listed  in 
the  urban  study's  Flood  Control  Appendix.  The  latter  includes  additional 
explanatory  material  for  the  reader  interested  in  further  details. 

Recommendations  for  nonstructural  improvements  by  local  interests 
include : 

•  The  city  should  enforce  existing  floodplain  management  ordinances. 

•  The  city  should  annually  notify  residents  in  the  100-year  flood- 
plain  of  their  flood  potential. 
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•  The  city  should  maintain  its  eligibility  and  encourage  citizen 
participation  in  the  Federal  flood  insurance  program. 

•  Property  owners  should  flood  proof  their  properties  where  feasible. 

•  The  city  should  consider  acquiring  and  removing  flood-prone 
structures  from  the  100-year  floodplain  as  they  become  available  and  con¬ 
vert  the  evacuated  areas  to  recreational  or  open-space  uses. 

•  The  city  should  annually  review  and  update  the  flood  fight  manual. 

Grand  Forks  should  consider  the  following  structural  measures.  These 
measures,  though  not  cost  effective  when  the  Corps'  extremely  high  design 
standards  are  used,  might  be  built  by  the  city  at  a  significant  cost 
savings  with  some  modifications  to  the  Corps'  design.  For  example,  interior 
drainage  can  be  handled  much  cheaper  by  temporary,  portable  pumps  rather 
than  by  a  permanent  pimping  station. 

•  The  city  should  consider  constructing  a  closure  structure  and 
pumping  facilities  at  the  Belmont  Road  crossing  of  Belmont  Coulee. 

•  The  city  should  consider  raising  Stanford  Road  between  U.S. 

Highway  2  and  13th  Avenue  North  and  installing  operable  culvert  closures  and 
interior  drainage  pumping  facilities  to  prevent  flooding  by  English  Coulee 
backwater  along  the  swale  behind  Stanford  Road. 

•  The  city  should  consider  raising  Belmont  Road  between  13th  and 
17th  Avenues  South,  relocating  a  sanitary  sewage  lift  station,  and  providing 
interior  drainage  pumping  facilities. 

•  The  city  should  consider  relocating  the  frequently  flooded  Lincoln 
Park  recreation  building. 
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The  following  recommendations  pertain  to  additional  studies  considered 
necessary  by  the  urban  study's  staff  to  establish  the  feasibility  of  Federal 
involvement  in  permanent  flood  protection: 

•  The  following  alternatives  should  be  studied  in  greater  detail: 

Reach  1  -  Combined  flood  proofing  and  evacuation. 

Reach  6  -  English  Coulee  closure. 

-  Reach  6  -  Combined  flood  proofing  and  evacuation. 

•  The  feasibility  of  increasing  the  flow  capacity  of  the  Burlington 
Northern  railroad  bridge  across  English  Coulee  near  DeMers  Avenue  should  be 
analyzed. 

•  The  above  recommended  studies  should  be  transferred  to  the  Corps 
small  flood  control  project  continuing  authority  (Section  205  of  the  1948 
Flood  Control  Act,  as  amended) . ^ 

•  During  further  studies  of  English  Coulee,  the  Corps  should  coordi- 

(2) 

nate  closely  with  the  SCS.  ' 

•  Specific  topics  that  need  further  attention  during  the  recommended 
Section  205  studies  include: 

-  Topographic  mapping  for  use  in  hydraulic  and  damage/benefit 

analyses. 

-  Flood  damage  and  benefit  analyses,  particularly  in  the  English 
Coulee  area  upstream  of  DeMers  Avenue. 

(1)  The  Section  205  continuing  authority  offers  a  quicker  path  to  more  de¬ 
tailed  studies  and  potential  construction  than  the  normal  feasibility  study 
which  could  typically  involve  8  to  14  years  for  Washington- level  review,  pre¬ 
construction  planning,  and  congressional  authorization  and  funding.  During  this 
period,  the  rising  Federal  discount  rate  can  erode  the  economic  feasibility  of 
promising  measures. 

(2)  The  dry  dam  and  diversion  ditches  being  considered  for  the  coulee's  upper 
watershed  by  the  SCS  would  greatly  reduce  flows  entering  the  city,  thereby 
significantly  affecting  the  feasibility  of  urban  flood  protection  measures  being 
considered  by  the  Corps. 


-  Hydraulics  and  hydrology. ^ 

(2) 

-  Environmental/social  impact  analyses.  ' 

Flood  Emergency  Plan  of  Action 

The  need  for  a  flood  emergency  plan  of  action  for  Grand  Forks  was 
clear.  The  federally  constructed  Lincoln  Park  levee/f loodwall  protects 
to  a  relatively  low  level.  Emergency  levees  provide  an  unreliable 
degree  of  protection  to  some  neighborhoods.  These  levees  experience 
subsidence  problems  and  do  not  meet  accepted  design  or  construction 
standards  for  permanent  projects. 

The  urban  study  has  shown  that  Federal  participation  in  permanent 
flood  control  improvements  may  be  justifiable,  at  best,  only  in  one 
or  two  areas  of  the  city.  The  city  and  its  residents  could  take  the 
initiative  and  undertake  effective  measures  at  a  modest  cost  -  for 
example,  raising  selected  roads  as  was  done  to  30th  Street  South  by 
the  city  and  flood  proofing  by  individual  homeowners  and  businessmen. 
However,  much  of  the  city  will  continue  to  be  subject  to  recurring 
ilood  threats  and  will  continue  to  rely  on  emergency  flood  fighting. 

The  Corps,  its  consulting  engineers  for  flood-related  investigations 
in  the  urban  study  area,  and  the  Flood  Emergency  Plan  of  Action  Task  Force 
appointed  by  the  Grand  Forks  mayor  jointly  developed  a  flood  fight 
manual  entitled  Flood  Emergency  Plan  for  Grand  Forks,  North  Dakota. 

This  manual  (published  as  a  separate  urban  study  document)  is,  in  effect, 
a  nonstructural  measure  that  complements  structural  measures,  both 
permanent  and  emergency. 

(1)  As  mentioned  earlier,  the  frequency-discharge  relationship  of  the 
Red  River  was  recently  revised.  The  impact  on  the  economic  and  engineer¬ 
ing  feasibility  of  the  measures  recommended  for  further  study  must  be 
determined.  English  Coulee  has  no  gage  records;  hydraulic  and  hydrologic 
data  from  various  sources  differ  to  the  extent  that  further  study  is  war¬ 
ranted  to  reconcile  the  discrepancies. 

(2)  An  environmental  impact  statement  or  finding  of  no  significant 
Impact  will  be  needed  if  an  alternative  is  recommended  for  construction. 
Work  accomplished  under  the  urban  study  will  be  used  in  the  Section  205 
studies;  a  survey  was  conducted  to  determine  the  public's  altitudes  toward 
floods  and  flood  protection;  a  cultural  resources  literature  search  and 
records  review  was  conducted. 


The  manual  covers  the  following: 


•  Coordination  between  local,  State,  and  Federal  agencies  Involved 
in  the  flood  fight  or  postflood  rehabilitation  and  relief  efforts. 

•  The  city's  flood  fight  organization  and  emergrr. „:y  operation 
center. 

•  The  flood  threat  -  water  surface  profiles,  flooded  area  outlines. 

•  Existing  flood  control  facilities  -  permanent  and  emergency  flood 
barrie rs. 

•  Preflood  preparations  -  instruction,  inspections,  maintenance, 
inventories,  stockpiling. 

•  Flood  fighting  -  warning  levels,  mobilization  of  city  resources 
and  volunteers,  raising  of  flood  barriers,  interior  drainage  pumping,  dike 
patrols,  citizen  self-help  plans. 

•  Contingency  plans  for  emergencies  -  evacuation  plans  and  routes. 

•  Postflood  activities  -  cleanup,  damage,  and  flood  fight  cost 
estimates  for  aid  requests. 

The  manual  should  be  updated  annually  by  the  city  to  reflect  current 
personnel,  equipment,  and  facilities.  If  the  Corps  and/or  the  city  pro¬ 
vides  permanent  flood  control  measures  at  a  later  date,  the  manual  should 
be  revised. 


URBAN  DRAINAGE  STUDIES 

Urban  drainage  studies  were  undertaken  after  city  officials  requested 
assistance  in  developing  an  urban  drainage  master  plan  to  help  combat  ad¬ 
verse  impacts  on  runoff  from  continued  urban  development.  As  development 
consumes  natural  infiltration  and  storage  areas,  runoff  peak  rate  and 
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volume  increase  unless  compensatory  measures  are  taken.  Increased  runoff 
would  put  an  added  burden  on  existing  and  future  drainage  systems. 

During  severe  conditions,  as  during  the  1979  flood,  large  areas  are 
susceptible  to  flooding  from  overland  sheet  flow  which  exceeds  the 
drainage  network's  capacity. 

The  time  frame  for  the  urban  drainage  studies  was  the  period  1980- 
2030.  The  study  area  was  the  predominately  agricultural  lands  outside 
the  sewered  portion  of  the  city  and  within  the  city's  land  use  zoning 
jurisdiction  which  extends  2  miles  beyond  the  city  limits.  Also,  the 
study  area  was  extended  an  additional  mile  south  in  the  rapidly  develop¬ 
ing  area  between  the  Red  River  and  Interstate  29  (figure  14). 


The  stage  2  study  developed  eight  conceptual  drainage  plane  comprising 
combinations  of  alternative  runoff  storage  facilities,  conveyance  means 
and  routes,  and  design  capacities.  Economic,  social,  and  environmental 
consequences  were  examined.  It  was  concluded  that  ditches  would  be  less 
costly  than  conduits  and  would  be  more  adaptable  to  future  changes,  but 
would  have  more  adverse  environmental  and  social  impacts.  Small  temporary 
storage  areas,  such  as  in  swales,  streets,  or  ponds,  also  showed  promise. 

It  was  recommended  that  stage  3  studies  quantify  urban  runoff  and  the  exist¬ 
ing  drainage  system  capacity.  If  deficiencies  were  found,  possible  improve¬ 
ments  should  be  studied  incorporating  a  combination  of  local  storage  and 
conduit  interceptors  to  reduce  coats,  retain  gravity  flout,  and  attenuate 
runoff  peaks. 

The  stage  3  studies  were  based  on  a  number  of  assumptions  regarding 
land  use  and  drainage  developments  over  the  1980-2030  time  frame. 

The  study  area  and  surrounding  lands  that  drain  into  the  study  area 
were  divided  into  65  subwatersheds,  each  uniquely  defined  in  terms  of  loca¬ 
tion,  total  area,  impervious  area,  and  drainage  characteristics. 

Two  fundamental  assumptions  regarding  hydraulics  and  hydrology  were 

made: 


•  Natural  drainage  patterns  in  undeveloped  areas  outside,  but 
tributary  to  the  study  area,  would  not  be  altered  by  future  development. 

•  With  two  exceptions,  the  capacities  of  existing  channels,  culverts, 
and  bridges  at  the  boundaries  of  the  study  area  would  not  change. 

The  exceptions  referred  to  were  changes  primarily  to  direct  flow  away 

from  the  English  Coulee  drainage  within  the  study  area  and  thereby  reduce  the 

urban  flooding  potential t 


59 


•  Completion  of  a  planned  diversion  structure  by  the  Grand  Forks 
County  Water  Management  and  Control  Board.  This  structure  would  divert  part 
the  runoff  from  the  upper  portion  of  the  coulee  watershed  into  the  English 
Coulee  floodway  to  Legal  Drain  23,  Legal  Drain  18,  and  the  Red  River  (see 
figure  14) . 

•  Construction  of  a  3  l/4-mile  east-west  open  ditch  along  47th 
Avenue  South  to  divert  water  south  of  32d  Avenue  South  away  from  English 
Coulee  and  directly  to  the  Red  River. 

Alternative  drainage  plans  were  based  primarily  on  conduits  with  and 
without  storage  areas  in  accordance  with  the  stage  2  recommendations. 

Design  criteria  included: 

•  Lateral  storm  sewers  sized  to  handle  runoff  from  a  10-year  rain¬ 
fall  with  no  street  flooding. 

•  Storage  areas,  major  trunk  sewers,  culverts,  and  legal  drains 
sized  to  handle  runoff  from  a  100-year  rainfall. 

Runoff  hydrographs  for  watersheds  outside  the  study  area  were  devel¬ 
oped  using  the  SCS  hydrologic  model  TR-20  in  conjunction  with  the  SCS 
dimensionless  Type  T  rainfall  distribution  hyetograph.  Runoff  from 
both  rainfall  and  snowmelt  was  considered  in  selecting  the  critical 
storms  for  waterways  affecting  the  study  area.  Runoff  discharges  and 
volumes  within  the  study  area  were  determined  using  the  Barr  Hydrograph 
Method  (a  synthetic  hydrograph  method  for  urban  drainage  analyses) ;  dis¬ 
charges  were  checked  with  the  Rational  Method. 

Two  drainage  system  alternatives  were  developed.  Both  options 
maximize  use  of  existing  drainage  systems  and  minimize  use  of  open 
ditches.  Also,  as  described  above,  they  incorporate  changes  In  the 
existing  drainage  pattern  (figure  15)  to  reduce  the  quantity  of  runoff 
reaching  the  English  Coulee  main  channel. 
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Option  A  (figure  16)  differs  from  Option  B  (figure  17)  in  that  the 
latter  provides  for  the  development  of  runoff  ponding  areas  whereas 
Option  A  assumes  direct  runoff  into  storm  sewers  and  ditches  and  thence 
to  English  Coulee  and  the  Red  River.  Option  A  also  requires  improve¬ 
ment  of  existing  culverts,  bridges,  and  channels  within  the  study  area, 
particularly  along  the  English  Coulee  main  channel. 

Option  B's  temporary  runoff  storage  attenuates  peak  discharges  and, 
therefore,  permits  this  option  to  get  by  with  smaller  sewers  than  needed 
for  Option  A.  The  storage  areas  for  Option  B  are  sized  to  keep  runoff 
peaks  with  2030  development  at  current  (1978)  rates.  Table  5  shows 
the  runoff  rates  and  volumes  resulting  from  a  100-year  storm  both  with 
existing  land  uses  and  under  assumed  2030  conditions  with  Options  A  and  B. 

Figure  17  shows  a  conceptual  view  of  Option  B;  the  actual  size, 
shape,  and  location  of  temporary  storage  areas  would  be  determined  by 
detailed  case-by-case  studies  as  implementation  becomes  necessary. 
Individual  storage  areas  could  be  combined  as  long  as  the  total  volume 
of  the  combined  site  equaled  the  sum  of  the  individual  areas.  Also,  the 
type  of  storage  facility  is  flexible: 

•  Park  areas  could  be  developed  in  conjunction  with  the  temporary 
runoff  storage  function.  Existing  parks  could  be  landscaped  to  provide 
the  necessary  storage. 

•  If  parkland  area  is  not  available,  storage  could  be  provided  by 
dual-purpose  facilities,  such  as  depressed  parking  lots,  flat  building 
roofs,  ditches  with  controlled  outlets,  etc. 

Construction  of  storage  areas  could  be  deferred  until  development 
took  place,  thereby  spreading  out  the  economic  impact.  The  developers 
themselves,  who  would  be  responsible  for  providing  the  storage  areas, 
would  be  subject  to  smaller  assessments  from  the  city  because  of  the 
smaller  sewers  needed  with  Option  B. 
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The  urban  drainage  report  also  recommended  that  the  outlets  of  Legal 
Drain  18  and  the  English  Coulee  main  channel  be  combined  and  that  a  closure 
structure  be  constructed  to  prevent  backwater  from  flood  stages  on  the 
Red  River  from  interfering  with  drainage  down  the  legal  drain  and  coulee. 

A  pumping  station  would  pump  the  combined  runoff  i  o  the  Red  River  during 
high  river  stages.  Under  Option  A,  a  pumping  capacity  of  2,000  cfs  under 
a  5-foot  head  would  be  needed.  Under  Option  B,  the  attenuated  peak  flows 
would  reduce  the  pumping  requirements  to  1,500  cfs.  During  low  stages 
on  the  Red  River,  the  closure  structure  would  be  opened  to  permit  gravity 
flow  from  the  legal  drain  and  coulee. 

The  closure/pumping  facility  is  expensive,  and  the  city  might  desire 
phased  construction.  Immediate  construction  is  not  necessary;  areas 

ft 

that  might  be  flooded  because  of  backwater  effects  are  not  developed 
intensively  yet;  however,  these  areas  are  zoned  commercial  and  industrial,  and 
development  potential  could  be  adversely  affected  by  the  threat  of  flooding. 

One  alternative  might  be  to  construct  a  facility  near  the  mouth  of  English 
Coulee  with  pumps  sized  just  for  coulee  runoff;  at  a  later  date,  the 
mouth  of  Legal  Drain  18  could  be  plugged,  a  ditch  dug  to  divert  the  outflow 
from  the  legal  drain  int  the  coulee,  and  the  pump  capacity  increased  to 
handle  the  extra  runoff.  Note  that  one  of  the  Grand  Forks  flood  control 
alternatives  considered  consists  of  a  closure  structure/pumping  station  near  the 
mouth  of  the  coulee. 


Table  6  presents  estimated  costs  for  the  two  options.  These  estimates 
exclude  the  city's  administrative  costs  for  the  urban  drainage  program  and 
developers'  costs  under  Option  B  to  provide  the  storage  areas.  Option  B 
obviously  is  more  cost  effective  from  the  city's  viewpoint,  with  total 
first  costs  of  $26  million  compared  to  nearly  $35  million  for  Option  A, 
and  average  annual  costs  of  less  than  $1.9  million  compared  to  $2.5  million. 

The  most  significant  adverse  environmental  impacts  from  the  urban 
drainage  system  would  occur  during  construction:  soil  erosion,  turbidity  in 
receiving  waters,  possible  loss  of  trees,  etc.  Option  B,  becau&e  of  its 
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Table  6  -  Preliminary  cost  estimates 


storage  areas,  probably  will  cause  greater  construction  impacts  than 
Option  A.  Conversely,  Option  B  has  the  potential  for  much  greater  long¬ 
term  environmental  enhancement  if  the  storage  areas  are  developed  in 
association  with  park  and  recreation  areas.  The  urban  drainage  master 
plan  (which  is  included  in  the  urban  study's  Flood  Control  Appendix) 
addresses  the  possibility  of  pollutants  and  nutrients  collecting  in 
permanent  ponds  that  might  be  part  of  Option  B's  system  of  storage  areas. 
Various  solutions,  including  source  control  or  inflow  treatments,  are 
available.  Because  both  options  maximize  use  of  existing  drainage 
facilities,  the  net  adverse  impact  on  the  environment  would  be  minimized. 

Social  and  cultural  impacts,  except  for  temporary  adverse  effects 
during  construction,  are  overwhelmingly  positive.  Control  of  runoff, 
hence  reduction  of  flooding  problems  and  their  toll  of  misery,  is 
commendable.  But  Option  B  offers  even  more  -  the  possibility  of  in¬ 
corporating  recreational  facilities  and  aesthetic  improvements  that 
could  reduce  the  predicted  future  shortage  of  such  opportunities. 

Option  B  has  another  advantage  -  it  gives  the  city  flexibility  in  land 
use  zoning  and  implementation  because  peak  runoffs  from  each  subwatershed 
are  fixed;  the  eventual  development  can  be  selected  on  the  basis  of 
criteria  other  than  the  effect  on  runoff  as  long  as  the  developer  pro¬ 
vides  storage  areas  to  keep  the  runoff  rate  from  changing. 

Because  of  its  greater  cost  effectiveness,  flexibility,  and  recrea¬ 
tional  and  aesthetic  potential,  Option  B  is  recommended  for  implementation. 
This  plan  requires  that  the  city  pass  a  drainage  ordinance  which,  in  turn 
may  require  the  city  to  form  a  watershed  district  to  obtain  legal  authority 
to  initiate  drainage  changes,  enforce  the  ordinance,  and  assess  costs  in 
proportion  to  contributions  to  drainage  problems  and  benefits  received 
from  the  project.  Alternatively,  the  Grand  Forks  County  Water  Management 
Control  Board  could  assume  the  responsibilities  and  powers  of  a  watershed 
district. 
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The  SCS  is  developing  a  plan^  for  the  English  Coulee  watershed 
that  could  have  a  major  impact  on  the  Grand  Forks  urban  drainage  picture. 
The  plan  (parts  of  which  are  shown  on  figure  18)  includes: 

•  A  5-mile-long  dry  dam  (about  4  miles  upstream  from  the  diversion 
structure  being  built  by  the  Water  Management  Control  Board)  would  control 
a  drainage  area  of  about  57  square  miles  (about  half  the  total  English 
Coulee  watershed)  and  would  create  a  2  1/2-  to  3-square  mile  pool  during  a 
100-year  rainfall.  The  dam's  discharge  in  this  event  would  be  about 

450  to  600  cfs. 

•  Outflow  from  the  dam  would  combine  with  local  runoff  below  the 

dam.  The  diversion  structure  would  split  the  flow  -  part  would  be 

directed  northward  into  the  English  Coulee  floodway  to  Legal  Drains  23 

and  18;  the  rest  would  continue  down  the  coulee  to  Legal  Drain  9,  then 

(2) 

straight  north  via  1  mile  of  Legal  Drain  9  and  2  miles  of  new  ditch  to 
Legal  Drain  18  where  the  flow  from  the  floodway  would  be  rejoined.  The 
total  flow  would  then  be  routed  north  and  east  via  a  new  crossing  under 
Highway  2  to  Legal  Drain  11,  thence  north  and  east  to  the  Red  River  via 
1  mile  of  new  ditch  and  Legal  Drain  18.  This  plan  would  require  increased 
crossing  capacities  under  the  Burlington  Northern  railroad  right-of-way 
and  Interstate  29. 

•  Another  new  diversion  ditch  is  also  under  consideration.  This 
ditch  would  run  south  3  miles  from  near  English  Coulee  and  then  east  to 
Legal  Drain  4,  which  carries  flow  to  Cole  Creek  just  upstream  of  its 
confluence  with  the  Red  River. 

•  Excess  earth  from  excavating  new  ditches  would  be  used  to 
construct  dikes  on  the  cityward  side  of  the  ditches  to  keep  water  from 
flowing  overland  toward  Grand  Forks  if  the  ditches'  design  capacities 
are  exceeded. 

(1)  At  the  time  the  urban  drainage  master  plan  was  being  written,  many 
details  of  the  SCS  plans  were  not  firmly  established. 

(2)  A  plug  would  prevent  flow  into  the  eastward  leg  of  Legal  Drain  9 
that  enters  the  city. 
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108.4  Watershed  Area,  Square  Mies 

. . .  Study  Boundaries 

-  Watershed  Divide 

^  Diversion  Structure 

— —  —  Proposed  8CS  Dam 

- New  DHch  Required  Under  Proposed  SCS  Plan 

FIGURE  18 


TRIBUTARY  WATERSHED  MAP 


Legal  aspects  of  interbasin  transfer  of  waters  and  inundation  of 
lands  not  previously  subject  to  flooding  must  be  investigated  before  the 
SCS  plan  could  be  implemented.  If  the  plan  is  implemented,  impacts  on 
urban  flooding  would  be  significant.  Large  portions  of  drainage  areas 
which  discharge  through  the  city  would  be  cut  off,  correspondingly  reduc¬ 
ing  peak  flows.  Furthermore,  the  timing  of  these  peaks  may  be  altered 
so  that  synergistic  benefits  are  felt  downstream.  Consider,  for  instance, 
a  possible  effect  on  the  spring  snowmelt  runoff.  Characteristically,  the 
spring  runoff  peak  from  English  Coulee  precedes  that  of  the  Red  River  - 
in  1979,  the  difference  was  about  5  days.  If  the  SCS  plan  advanced  peak  flows 
from  the  English  Coulee  watershed  enough,  runoff  from  the  coulee  and  Legal 
Drain  18  might  be  over  before  the  Red  River  crested.  Therefore,  it  might 
be  possible  to  greatly  reduce  the  pumping  capacity  and  hence  the  cost  of 
the  closure  structure/pumping  station  proposed  for  handling  the  outflow 
from  the  legal  drain  and  coulee. 


WATER  SUPPLY 


INTRODUCTION 

Major  communities  within  the  study  area  depend  on  the  Red  Lake  and 
Red  Rivers  as  their  sole  source  of  water  supply  to  meet  the  demands  of 
residential,  commercial,  and  most  industrial  users.  Smaller  communities  and 
many  rural  residents  rely  on  groundwater  supplied  by  individual  wells 
and/or  three  rural  water  supply  associations. 

Stage  2  studies  concluded  that  the  groundwater  sources  of  the  two  rural 
water  supply  associations  for  which  information  was  available  (the  Agassiz 
Water  Users  Association  and  Grand  Forks-Traill  Water  Users,  Inc.)  should 
have  adequate  supplies  of  good  quality  water  through  the  study's  time 
frame  (1980-2030).  Conclusions  were  not  possible  regarding  the  third 
association  (the  Marshall  and  Polk  Rural  Water  System)  and  independent  water 
users.  The  stage  2  report  recommended  that  all  three  associations  and  other 
self-supplied  water  users  continue  to  supply  their  own  needs  rather  than 
join  a  regionalized  system.  Thus,  in  stage  3,  attention  was  focused  on 
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the  water  supply  situation  in  the  cities  of  Grand  Forks  and  F.ast  Grand 
Forks  plus  the  Grand  Forks  Air  Force  Base,  which  gets  its  water  from 
Grand  Forks. 

The  major  concern  is  the  perceived  lack  of  dependability  of  existing 
water  sources  to  meet  present  and  future  needs.  In  past  years,  low  river 
flows  have  seriously  threatened  the  reliability  of  the  Red  Lake  and  Red 
Rivers  as  dependable  sources  of  water.  The  cities  felt  a  need  to  explore 
alternative  sources  and  treatment  systems  to  provide  a  dependable  water 
supply. 

This  urban  area  is  a  major  service,  education,  and  agricultural 
product  processing  center.  Agricultural  production  near  the  area  has 
become  more  centralized  and  has  grown  significantly.  The  agricultural 
processing  industry  has  also  grown,  creating  more  jobs.  The  jobs  attract 
more  people  who  demand  more  services.  Unlike  the  rural  areas  of  North 
Dakota  and  Minnesota,  the  urban  area  is  growing  rapidly.  The  urban 
population,  agricultural  processing  industries,  and  service  industries 
are  projected  to  grow  and  expand.  Without  an  adequate  supply  of  water, 
the  urban  area  cannot  continue  its  healthy  growth.  Economic  and  indus¬ 
trial  growth  will  be  hindered.  A  no-growth  situation  may  occur  or 
population  growth  may  continue  without  jobs  so  the  socioeconomic  character 
of  the  area  may  decline.  At  a  minimum,  the  area  may  be  forced  to  suffer 
through  water  shortages. 

PROBLEMS,  NEEDS,  CONCERNS,  AND  OBJECTIVES 

Overview 


The  following  problems,  needs,  concerns,  and  objectives  regarding 
water  supply  have  been  identified  for  Grand  Forks  and  East  Grand  Forks: 

•  Adequacy  of  water  supply  -  The  ability  of  the  Red  and  Red  Lake 
Rivers  in  conjunction  with  the  regulation  of  reservoirs  on  these  river 
systems  to  meet  existing  and  future  water  needs  for  urban  Grand  Forks  and 
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East  Grand  Forks,  particularly  during  drought  years  similar  to  those  of  the 
19 30 ' s ,  is  questioned.  Total  residential,  commercial,  and  industrial 
demands  on  surface  waters  are  expected  to  more  than  double  from  1976  to 
2030.  In  the  same  period,  water  demands  from  other  urban  and  rural  users 
in  the  Red  and  Red  Lake  River  basins  will  also  be  growing,  possibly  consum¬ 
ing  so  much  of  these  rivers'  waters  that  little  would  reach  Grand  Forks  and 
East  Grand  Forks. 

•  Adequacy  of  existing  water  treatment  process  -  National  primary 
and  secondary  standards  for  drinking  water  have  been  enacted  pursuant  to 
the  Safe  Drinking  Water  Act  (Public  Law  93-523).  In  addition,  the  EPA  is 
considering  regulating  organic  chemical  contaminants  which  would  have  to  be 
removed  by  advanced  surface  water  treatment. 

•  Adequacy  of  existing  water  treatment  system  -  The  low-head  dams  that 
pool  water  on  the  Red  and  Red  Lake  Rivers  for  the  cities'  intakes  need 
periodic  maintenance  and  replacement;  the  Red  River  dam  will  need  replacement 
in  about  1990.  East  Grand  Forks  intakes  in  the  Red  Lake  River  pool  equal 

the  plant  capacity  of  4  mgd  (million  gallons  per  day)  which  will  be  matched 
by  demand  in  2005.  Current  treatment  capacity  available  to  Grand  Forks  and 
East  Grand  Forks  is  12  and  3  mgd,  respectively.  Grand  Forks’  maximum  day 
water  demands  already  equal  the  plant  capacity;  expansion  is  needed  immedi¬ 
ately,  but  space  at  the  existing  site  is  very  limited.  East  Grand  Forks' 
plant  cannot  reach  its  rated  capacity  of  4  mgd  because  of  hydraulic  constraints. 
The  maximum  daily  demand  in  East  Grand  Forks  is  projected  to  reach  4  mgd  in 
2005  after  which  plant  expansion  will  be  needed. 

•  Adequacy  of  major  water  transmission  lines  -  The  existing  transmis¬ 
sion  lines  for  the  Grand  Forks  and  East  Grand  Forks  area  are  adequate  but 
need  maintenance  and  replacement  on  a  regular  basis.  The  Grand  Forks  Air 
Force  Base,  however,  depends  on  one  supply  line  for  its  water.  If  this  line 
were  to  rupture  or  become  unusable,  a  water  shortage  could  occur. 


Urban  Water  Demands 


Residential  and  commercial  water  demands  in  Grand  Porks  and  East 
Grand  Forks,  like  those  in  most  cities,  are  cyclical  -  highest  demands 
occur  in  summer  with  lawn  care,  car  washes,  swimming  pools,  more 
showers,  etc.  Industrial  water  demands  in  the  two  cities,  however, 
have  an  essentially  countervailing  cycle.  The  largest  industrial  water 
users  process  agricultural  products  beginning  with  the  fall  harvest  of 
sugar  beets,  potatoes,  and  sunflowers.  The  high  water  use  period  for 
these  industries  usually  runs  from  about  September  or  October  to  May. 
Besides  the  municipal  water  intakes  on  the  Red  and  Red  Lake  Rivers,  the 
American  Crystal  Sugar  plant  and  Burlington  Northern  industrial  park 
area,  both  in  East  Grand  Forks,  have  independent  intakes  on  the  Red  Lake 
River.  Monthly  consumption  by  these  users  is  highly  seasonal,  primarily 
because  of  sugar  beet  processing  at  the  American  Crystal  Sugar  plant. 

Table  7  shows  the  monthly  water  demands  in  1976  as  an  example. 

The  overall  water  demand  on  the  two  rivers  is  less  variable  than  usual 
because  of  the  out  of  phase  water  demand  cycles;  the  ratio  of  maximum 
day  to  average  day  demand  is  reduced.  Therefore,  the  water  treatment  and 
distribution  systems  of  the  cities  are  used  more  efficiently.  This  is 
also  important  in  that  water  treatment  plants  are  normally  designed  to 
meet  maximum  daily  demands;  thus,  the  plant  capacity  need  not  be  over¬ 
sized  as  much  as  might  be  the  case  to  handle  maximum  demand. 

Urban  water  demand  projections  are  based  on  analyses  of  current 
demands,  interviews  with  water  users,  population  projections,  land  use 
projections,  and  assumptions  regarding  improved  industrial  efficiencies, 
increased  agricultural  processing,  and  new  industries. 
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Table  7  -  1976  urban  water  withdrawals  from  Red  River  of  the  North  and  Red  Lake  River 


A 


Table  8  summarizes  projected  annual  average  daily  water  demands  for 
the  urban  area  based  on  the  above  considerations.  These  average  daily 
demands  were  used  to  size  water  supply  sources  and  compute  operation  and 
maintenance  costs. 

Table  9  presents  the  projected  maximum  daily  water  demands  for  the 
urban  area  based  on  historical  trends.  The  maximum  daily  demand  could 
occur  in  May,  June,  July,  or  August;  for  design  purposes,  it  was  assumed 
to  occur  in  June  when  agricultural  processing  water  demands  are  lowest. 
These  projections  assume  the  current  maximum  day  to  average  day  demand 
ratios  of  1.72  and  1.86  for  Grand  Forks  and  East  Grand  Forks,  respectively, 
will  not  change.  These  maximum  daily  demands  were  used  to  size  water 
treatment  and  transmission  facilities.  It  was  assumed  that  the  self- 
supplied  industries  continued  to  supply  their  own  needs. 


Table  8  -  Projected  average  day  urban  water  demands 
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day).  Includes  water  consumed  by  customers,  unaccounted  distribution  system  losses,  and  wasted 
filter  backwash  water. 


Table  9  -  Projected  maximum  day  urban  water  demands 
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Urban  Water  System  Facilities 

Figure  19  is  a  schematic  of  the  existing  water  supply,  treatment, 
and  distribution  facilities  serving  the  urban  area.  The  municipal 
systems  of  Grand  Forks  and  East  Grand  Forks  are  interconnected,  so 
treated  water  can  be  transferred  between  the  cities.  Under  current 
arrangements,  transfers  would  occur  only  during  emergencies;  no  trans¬ 
fers  have  been  made. 

Grand  Forks  obtains  its  water  from  the  Red  and  Red  Lake  Rivers.  A 
blend  of  both  waters  is  proportioned  to  optimize  treatment.  Grand  Forks 
has  two  raw  water  intakes  on  the  Red  River  with  6.5-mgd  capacity  at  Intake 
No.  1  and  10.0-mgd  capacity  at  Intake  No.  2.  The  Red  Lake  River  raw 
water  intake  (intake  No.  3)  has  an  8.9-mgd  capacity.  A  low-head  dam  at 
Riverside  Park  pools  water  on  the  Red  River.  This  dam  has  recently  been 
repaired;  the  repair  is  projected  to  extend  its  useful  life  through  about 
1990.  Also,  a  low-head  dam  on  the  Red  Lake  River  just  upstream  from  its 
confluence  with  the  Red  River  pools  water  for  the  Grand  Forks  Red  Lake 
River  intake  and  the  East  Grand  Forks  intake. 

The  Grand  Forks  water  treatment  plant  provides  pretreatment,  soften¬ 
ing,  filtration,  and  disinfection  before  distribution.  The  current  water 
treatment  plant  was  originally  built  in  1958,  expanded  in  1968,  had  multi- 
media  added  in  1976  to  the  1958  plant,  and  had  sludge  handling  processes 
installed  in  1977.  The  plant  is  operated  on  a  24-hour  per  day  basis. 

Hydraulic  constraints  limit  the  rated  capacity  of  the  Grand  Forks 
water  treatment  plant  to  12  mgd.  The  current  maximum  day  demand  experienced 
at  Grand  Forks  also  is  approximately  12.0  mgd.  Therefore,  an  expansion  is 
needed  to  meet  future  demands.  The  existing  plant  is  located  near  the 
downtown  business  district  in  a  completely  built-up  area.  A  small  area 
is  available  on  the  existing  site,  but  a  major  expansion  would  require 
the  purchase  and  removal  of  one  or  more  blocks  of  residential  housing  or 
location  at  a  new  site. 
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The  water  transmission  lines  and  treated  water  storage  facilities 
are  shown  on  figure  19.  Grand  Forks  has  recently  installed  a  7-raillion 
gallon  ground  storage  reservoir  on  the  west  side  of  the  city.  This 
brings  the  total  city  storage  capacity  to  12.4  million  gallons.  The 
Grand  Forks  Air  Force  Base  has  1.4  million  gallons  of  storage.  Only 
one  water  transmission  line  serves  the  Air  Force  base.  This  line  has 
experienced  a  number  of  breaks  and  leaks  as  a  result  of  action  of 
corrosive  soils  on  the  cast  iron  pipe. 

East  Grand  Forks  obtains  its  water  from  the  Red  Lake  River  through 
a  4.0-mgd  raw  water  intake.  The  low-head  dam  on  the  Red  Lake  River  just 
above  its  confluence  with  the  Red  River  pools  water  for  the  intake. 

An  intake  for  East  Grand  Forks  on  the  Red  River  has  been  proposed.  How¬ 
ever,  this  project  is  not  proceeding  at  this  time. 

Like  the  Grand  Forks  water  treatment  plant,  the  East  Grand  Forks 
plant  provides  pretreatment,  softening,  filtration,  and  disinfection 
before  distribution.  However,  because  the  quality  of  Red  Lake  River 
water  is  better,  one-stage  (rather  than  two-stage)  softening  is  provided. 
The  water  treatment  plant  is  operated  8  to  10  hours  a  day. 

The  East  Grand  Forks  water  treatment  plant  was  built  in  1962  and  has 
a  rated  capacity  of  4.0  mgd.  When  the  flow  rate  exceeds  3.0  mgd,  the 
plant  experiences  some  difficulty  in  holding  the  softening  basin  sludge 
blanket.  The  present  maximum  day  demands  are  approximately  2.0  mgd,  so 
this  operating  difficulty  has  not  been  much  of  a  problem;  East  Grand 
Forks  is  currently  considering  measures  to  correct  this  problem.  The 
maximum  day  demand  is  projected  to  reach  4.0  mgd  in  about  2005.  The 
plant  will  have  to  be  operated  24  hours  per  day  by  2005  to  meet  maximum 
day  demands.  Undeveloped  land  adjacent  to  the  East  Grand  Forks  plant 
could  be  used  for  expansion. 

The  water  transmission  and  storage  facilities  are  shown  on  figure  19. 
East  Grand  Forks  has  recently  completed  construction  of  a  2-million-gallon 
storage  reservoir  and  a  500,000-gallon  elevated  storage  tank.  These 
facilities  bring  the  total  city  storage  capacity  to  4.1  million  gallons. 
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The  above  review  of  existing  facilities  indicates  that  several  im¬ 
provements  will  be  required  in  the  near  or  relatively  near  future: 

•  For  Grand  Forks  -  Immediate  expansion  of  the  existing  water 
treatment  capacity  to  serve  future  demand.  Land  area  at  and/or  near  the 
existing  plant  is  limited. 

•  For  the  Grand  Forks  Air  Force  Base  -  Installation  of  a  second 
water  transmission  line  from  Grand  Forks  to  the  base  for  increased 
reliability. 

•  For  Grand  Forks,  East  Grand  Forks,  and  the  Air  Force  base  - 
Replacement  and  maintenance  of  existing  facilities  such  as  water  intakes, 
transmission  lines,  treatment  facilities,  and  distribution  systems. 

•  For  East  Grand  Forks  -  Modification  of  the  existing  water 
treatment  plant  to  ensure  that  it  can  treat  4.0  mgd. 

•  For  Grand  Forks  -  In  about  1990,  replacement  of  the  low-head 
dam  near  Riverside  Park  which  pools  water  on  the  Red  River  of  the  North. 

•  For  East  Grand  Forks  -  Construction  of  a  water  intake  structure 
to  obtain  water  from  the  Red  River  of  the  North. 

•  For  East  Grand  Forks  -  Increased  hours  of  operation  as  demands 
increase;  expansion  of  the  existing  water  treatment  plant  when  •'ts 
capacity  is  exceeded. 

•  For  Grand  Forks  -  Expansion  of  water  treatment  facilities  when 
their  capacity  is  exceeded. 


Water  Supply  Source  Alternatives 

A  water  supply  source  should  be  capable  of  supplying  an  adequate 
quantity  of  raw  water  which  can  be  easily  treated.  In  the  absence  of 
raw  water  supply  storage  facilities,  the  source  should  be  capable  of 
supplying  maximum  day  demands.  With  raw  water  storage,  the  source  should 
be  capable  of  supplying  average  day  demands.  A  relatively  good  quality 
raw  water  can  be  more  easily  treated,  minimizing  costs  and  increasing 
reliability. 

Based  on  stage  2  studies,  three  potential  water  supply  sources  were 
considered: 

•  Red  River  of  the  North  and  Red  Lake  River  surface  water, 
including  in-channel  and/or  off-channel  storage. 

•  Garrison  Diversion  water  augmenting  Red  River  of  the  North  flow. 

•  Elk  Valley  aquifer  groundwater. 

In  addition,  other  groundwater  sources  in  the  general  vicinity  were 
examined  and  water  conservation  was  evaluated  as  a  means  to  reduce  maximum 
and  average  daily  demands. 

The  Water  and  Power  Resources  Service ' s ( formerly  the  Bureau  of  Reclamation) 
Garrison  Diversion  project  is  a  multipurpose  water  resources  project  designed 
to  divert  Missouri  River  water  into  central  and  eastern  North  Dakota.  The 
water  would  be  used  to  irrigate  agricultural  land,  provide  municipal  and 
industrial  water  supplies,  furnish  recreational  opportunities,  and  develop 
fish  and  wildlife  management  programs.  The  project  was  originally  author¬ 
ized  as  part  of  the  multipurpose  program  included  in  the  Flood  Control  Act 
of  1944  and  was  reauthorized  in  1965  by  Public  Law  89-108. 

The  total  Garrison  Diversion  project  provided  for  the  irrigation  of 
250,000  acres  and  the  annual  transfer  of  510,000  acre-feet  of  water  for 
municipal  and  industrial  needs,  fisL  and  wildlife  conservation,  and  recrea¬ 
tion.  However,  the  total  plan  has  been  challenged  on  the  basis  that  the 
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quantity  and  quality  of  return  flows  may  adversely  affect  the  environment 
and  the  potential  uses  of  the  receiving  streams.  Canada  is  primarily  con¬ 
cerned  that  the  return  flows  may  injure  health  and  property  in  Canada  and 
introduce  foreign  biota. 

A  Final  Comprehensive  Supplementary  Environmental  Statement  dated 
February  1979  compared  six  alternatives  that  would  reduce  the  size  of 
the  1965  authorized  project.  A  reduced  scope  Garrison  Diversion  project 
would  include  96,300  acres  of  irrigation,  municipal  water  service  to 
15  communities,  recreational  development  in  5  areas,  and  development  of 
lands  for  fish  and  wildlife  management.  About  225,000  acre-feet  of  water 
would  be  diverted  annually.  The  plan  would  transfer  water  to  the  Sheyenne 
River  in  the  Red  River  basin.  This  water  would  augment  the  quantity  of 
water  available  to  the  Grand  Forks-East  Grand  Forks  urban  area.  This 
water  would  eventually  enter  Canada. 

The  final  environmental  impact  statement  on  the  Garrison  Diversion 
project  indicates  that  the  water  quality  of  the  Red  River  would  be  changed 
very  little  under  the  recommended  plan  and  would  increase  by  only  minor 
amounts  under  the  original  total  plan.  The  mean  monthly  concentrations  of 
total  dissolved  solids,  sulfates,  and  hardness  would  increase  slightly, 
but  the  stream's  water  uses  would  not  be  affected. 

An  alternative  to  transfer  water  only  to  the  James  River  basin  which 
drains  into  the  Missouri  River  was  not  considered  in  the  final  supplementary 
environmental  statement.  However,  discussions  with  Water  and  Power  Resources 
personnel  indicate  that  a  reasonable  approach  for  implementing  the  Garrison 
Diversion  project  could  be: 

•  A  pilot  project  would  divert  flow  to  the  James  River.  Long¬ 
term  monitoring  of  the  water  quality*  fauna,  and  flora  would  identify 
environmental  impacts. 

•  If  no  significant  adverse  environmental  impacts  occur  in  the 
James  River,  diversion  of  water  to  the  Souris  River  basin  would  be  under¬ 
taken  along  with  long-term  monitoring. 
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•  If  environmental  objections  are  overcome,  water  would  be  diverted 
to  the  Red  River  of  the  North  basin. 

Recently  (  May  1981),  a  U.S.  District  judge  ruled  that  the  State  of 
North  Dakota  and  Federal  Government  could  not  proceed  with  construction 
of  the  Garrison  Diversion  project  until  Congress  reauthorized  the  plan. 

As  of  this  writing,  the  ultimate  impact  of  this  decision  is  uncertain. 
Likewise,  the  eventual  effect  of  the  administration's  push  for  resource 
development  and  countervailing  budget  cutting  proposals  remains  in  question. 

The  above  discussion  indicates  that  the  Garrison  Diversion  project 
cannot  be  relied  on  to  help  meet  Grand  Forks'  and  East  Grand  Forks'  urban 
area  water  demands.  If  the  environmental  and  political  constraints  can 
be  overcome,  the  project  may  be  reactivated  and  completed.  However, 
this  is  unlikely  in  the  near  future. 

Groundwater  is  obtainable  in  the  Grand  Forks-East  Grand  Forks  urban 
area  from  bedrock  and  overlying  glacial  drift  deposits.  However,  most  of 
the  sources  are  not  satisfactory  because  of  water  quality,  water  quantity, 
and  aquifer  yield  limitations. 

Bedrock  aquifers  in  the  area  are  generally  characterized  by  low  well 
yields,  small  storage  volumes,  and  highly  mineralized  water.  The  Dakota 
bedrock  aquifer  can  produce  higher  yields,  but  the  water  is  primarily 
used  for  livestock  watering  because  of  Its  poor  quality.  Bedrock 
aquifers  were  not  suitable  for  supplying  the  urban  area's  water  needs 
and  were  not  considered  further. 

The  major  glacial  drift  aquifers  near  the  Grand  Forks-East  Grand  Forks 
urban  area  are  shown  on  figure  20.  In  general,  only  the  Elk  Valley, 

Inkster,  and  Beach  Ridge  aquifers  contain  relatively  good  quality  water. 

The  other  aquifers  were  not  considered  further  because  they  contain  very 
saline  water,  have  relatively  small  storage  volumes,  or  exhibit  low  well 
yields.  The  Inkster  aquifer  was  not  considered  further  because  it  has  a 
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relatively  small  storage  volume  and  recharge  area.  Also,  the  Inkster 
aquifer  is  currently  used  by  a  rural  water  district  and  local  fanners. 


INKSTER  AQUIFER 
ELK  VALLEY  AQUIFER 
EMERADO  AQUIFER 
GRAND  FORKS  AQUIFER 
THOMPSON  AQUIFER 
FORDVILLE  AQUIFER 
BEACH  RIDGE 
SAND  BED 


SMALL  TO  MODERATE  YIELD 
LARGE  YIELD 

EASTERN  EDGE  OF  DAKOTA  AQUIFER 


FIGURE  20-  Major  Glacial  Drift  Aquifers, 
Grand  Forks  and  Polk  Counties 


The  Grand  Forks-East  Grand  Forks  urban  area  is  located  in  a  semiarid 
region  of  the  United  States  where  the  mean  annual  precipitation  is  about 
20  inches  per  year.  Only  about  2  inches  of  this  precipitation 
will  recharge  the  glacial  drift  aquifers  and  be  available  as  a  source  of 
water  supply.  The  year  2030  Grand  Forks-East  Grand  Forks  municipally 
supplied  average  day  water  demands  were  projected  at  16.53  mgd  (18,517 
acre-feet  per  year).  Therefore,  approximately  175  square  miles  of  recharge 
area  would  be  required  to  satisfy  the  projected  derands  if  all  the  recharge 
could  be  used  for  Grand  Forks-East  Grand  Forks  water  supply. 
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The  Elk  Valley  aquifer  is  the  best  groundwater  source  near  the  urban 
area.  However,  major  constraints  limit  its  use.  Over  85  percent  of  the 
aquifer  area  would  be  required  to  satisfy  the  projected  year  2030  average 
day  municipal  water  demand.  Analysis  indicates  that  wells  would  be 
spaced  on  10,000-foot  centers.  Construction  costs,  rights-of-way, 
easements,  and  institutional  arrangements  would  be  major  constraints. 

The  cities  of  Larimore  and  Northwood,  North  Dakota,  use  the  Elk 
Valley  aquifer  as  their  sole  source  of  supply.  The  city  of  Ardoch, 

North  Dakota,  located  on  the  Forest  River,  uses  the  aquifer  discharge 
as  a  water  supply  source.  Numerous  farmers  use  the  aquifer  for  domestic 
uses,  livestock  watering,  and  some  irrigation  purposes.  The  aquifer's 
storage  volume  is  relatively  small,  so  water  cannot  be  "mined.'.'  The 
North  Dakota  State  Water  Commission  has  expressed  serious  reservations 
over  allowing  the  Grand  Forks-East  Grand  Forks  urban  area  to  use  the  Elk 
Valley  aquifer.  More  detailed  studies  would  have  to  be  made  to  determine 
the  availability  of  water,  existing  water  users,  and  recharge  rates  for 
the  aquifer.  However,  it  is  unlikely  that  the  urban  area  could  use  the 
entire  Elk  Valley  aquifer  at  the  exclusion  of  other  users. 

Use  of  the  Elk  Valley  aquifer  as  a  supplemental  source  of  supply 
was  eliminated  because  of  high  costs.  A  well  field  system  and  30  to 
35  miles  of  transmission  pipelines  would  have  to  be  constructed.  During 
stage  2,  it  was  estimated  that  a  well  field  and  transmission  pipeline 
would  cost  about  $35  million  to  meet  all  publicly  supplied  urban  water 
demands  and  about  $20  million  to  meet  50  percent  of  these  demands. 

The  Beach  Ridge  aquifers  are  a  series  of  long,  narrow  deposits  of 
sand  and  gravel  that  mark  the  various  stages  of  former  glacial  Lake 
Agassiz.  These  aquifers  are  located  in  Minnesota  and  North  Dakota; 
however,  larger  deposits  have  been  located  along  the  east  banks  of  the 
former  Lake  Agassiz  in  Minnesota.  Deposits  in  Grand  Forks  County 
exhibit  low  yields,  small  storage  volumes,  large  water  level  fluctuations, 
and  wells  that  have  gone  dry.  Therefore,  these  deposits  were  not 
considered  further.  The  city  of  Crookston,  Minnesota,  has  obtained  a 
water  use  permit  from  the  Minnesota  Department  of  Natural  Resources  to 
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use  a  Beach  Ridge  aquifer  in  Polk  County  to  supply  its  average  day  demands 
of  about  1,050  gpm  (gallons  per  minute)  (1.5  mgd)  and  maximum  day  demands 
of  about  1,750  gpm  (2.5  mgd).  The  proposed  source  is  about  12  miles 
east  of  Crookston.  Crookston's  analyses  indicate  that  the  recharge  rate 
to  the  aquifer  would  be  about  2  inches  per  year. 

As  with  the  Elk  Valley  aquifer,  the  primary  consraints  to  the  use  of 
the  Beach  Ridge  aquifers  in  Polk  County  to  supply  Grand  Forks-East  Grand 
Forks  water  needs  are  the  recharge  rate,  the  distance  (about  40  miles), 
and  sharing  the  water  with  other  users.  It  must  be  concluded  that  the 
Beach  Ridge  aquifers  are  not  a  reliable  supply  source  for  the  urban  area 
water  demands. 

Use  of  the  Beach  Ridge  aquifers  as  a  source  of  supply  for  just  East 
Grand  Forks  was  investigated.  East  Grand  Forks  average  day  water  demand  is 
projected  to  be  about  2,000  gpm  (2.86  mgd)  in  the  year  2030,  about  17  per¬ 
cent  of  the  total  urban  area  demand.  However,  the  same  physical,  institu¬ 
tional,  and  economic  constraints  to  using  the  Beach  Ridge  aquifer  exist: 

East  Grand  Forks  is  about  37  miles  from  the  known  Beach  Ridge  aquifers, 
a  recharge  area  of  30  square  miles  would  be  needed,  and  bad  conflicts  with 
existing  users  and  land  management  of  the  recharge  area  would  be  problems. 
Although  the  size  of  the  transmission  pipeline  would  be  smaller,  the  cost 
would  still  be  prohibitively  high.  Therefore,  the  Beach  Ridge  aquifers 
are  not  a  feasible  water  supply  source  for  East  Grand  Forks. 

The  Red  River  of  the  North  and  the  Red  Lake  River  are  the  only  surface 
water  sources  in  the  vicinity  of  Grand  Forks  and  East  Grand  Forks  capable 
of  meeting  the  urban  area's  water  demands.  Reservoirs  constructed  in  the 
early  1950's  to  regulate  flows  on  the  two  rivers  have  significantly  changed 
streamflow  characteristics.  Therefore,  historical  U.S.  Geological  Survey 
stream  gaging  records  are  not  adequate  to  define  future  low— flow  conditions. 
The  three  multipurpose  reservoirs  used  for  low-flow  augmentation  are: 

•  Red  Lakes  Reservoir  on  the  Red  Lake  River,  Minnesota.  The  initial 
control  structure  was  built  in  1931;  that  structure  was  replaced  in  1952. 
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•  Orwell  Reservoir  on  the  Ottertail  River,  Minnesota  -  completed 
in  1953. 

•  Lake  Ashtabula  (Baldhill  Dam)  on  the  Sheyenne  River,  North  Dakota  - 
completed  in  1950. 

A  detailed  low-flow  frequency  analysis  was  conducted  as  part  of  the 
urban  study.  That  analysis  statistically  analyzed  simulated  low-flow  events 
in  the  Red  River  of  the  North  at  Grand  Forks  and  the  Red  Lake  River  at  East 
Grand  Forks.  The  objective  of  the  analysis  was  to  define  the  availability 
of  surface  water  and  the  need  for  supplemental  in-  and/or  off-channel 
storage  to  cope  with  the  selected  design  event  -  a  50-year  drought.  A 
secondary  objective  was  to  determine  the  year  when  supplemental  storage  or 
an  offsetting  reduction  of  water  demands  would  become  necessary  to  cope 
with  the  50-year  drought. 

The  low-flow  condition  analyzed  assumed  year  2030  water  demands  and 
existing  reservoir  operation.  Input  data  for  the  low-flow  frequency 
analysis  were  generated  by  the  Hydrologic  Engineering  Center's  HEC-3 
computer  program,  "Reservoir  System  Analysis  for  Conservation."  This 
program  simulated  monthly  average  flows  for  the  period  of  record  from 
1930  to  1976. 

The  frequency-mass  curve  analysis  procedure  used  to  analyze  the  simulated 
monthly  flows  involved  two  steps.  First,  low-flow  frequency  curves  were 
computed  by  sequential  analysis  of  the  minimum  average  flows  for  various 
durations.  Then,  a  mass  curve  was  constructed  for  the  specified  design 
frequency. 

A  family  of  low-flow  frequency  curves  was  derived  from  the  HEC-3 
simulated  monthly  flows  using  the  HEC  program,  "Partial  Duration  - 
Independent  Low-Flow  Events."  This  program  analyzed  flows  of  any  given  duration 
throughout  the  period  of  record.  The  flows  were  arranged  in  ascending  order 
of  magnitude  and  statistically  analyzed.  The  return  frequency  for  each 


flow  duration  was  computed  by  Beard's  Method.  This  HEC  program  was  satis¬ 
factory  for  developing  discharge-frequency  curves  for  durations  between 
2  and  12  months;  discharge-frequency  curves  for  durations  of  7  days, 

14  days,  1  month,  24  months,  48  months,  and  96  months  were  computed  by 
other  procedures. 

The  partial  duration  analyses  and  adjustments  resulted  in  a  family  of 
low-flow  discharge-frequency-duration  curves.  These  curves  were  used  to 
develop  mass  curves  of  the  streamflow  available  for  water  supply.  (Mass 
curves  are  composites  of  flow  for  all  durations  for  a  specified  design 
frequency.)  The  urban  area's  water  demands  were  superimposed  on  the  mass 
curve;  the  point  of  maximum  divergence  between  the  demand  curve  and  each 
mass  curve  yielded  the  reservoir  storage  requirement  for  that  mass  curve's 
design  frequency.  In  accordance  with  common  practice,  storage  requirements 
obtained  by  this  method  were  increased  10  percent. 

The  HEC-3  computer  run  used  for  the  low-flow  frequency  analysis  pre¬ 
dicted  that  the  Red  River  of  the  North  could  satisfy  Grand  Forks  and  East 
Grand  Forks  year  2030  water  demands  and  also  meet  minimum  downstream  flow 
requirements  for  the  entire  simulated  1930-1976  period  of  record  except  for 
1  month  -  August  1936.  The  Red  Lake  River  could  not  satisfy  East  Grand 
Forks  year  2030  water  demands  and  meet  downstream  requirements  only  2  months 
during  simulated  August  and  September  1936  conditions.  These  shortages 
result  because  the  water  level  in  the  Red  Lakes  Reservoir  fell  below  its 
designated  minimum  conservation  pool  at  which  point  the  reservoir 
operating  plan  calls  for  reducing  the  discharge  from  an  average  rate 
of  50  cfs  to  a  maximum  discharge  of  15  cfs.  These  discharges  are 
specified  by  the  provisions  of  a  treaty  with  the  Red  Lake  Band  of  the 
Chippewa  Indians. 


The  extreme  low  flows  that  occurred  during  the  1930’s  are  within 
the  47-year  period  of  record  (1930-1976)  analyzed  by  the  HEC-3  program. 

On  the  basis  of  the  partial  duration  analysis  and  Beard's  plotting 
methods,  the  extreme  events  have  a  recurrent  frequency  of  less  than 
70  years  for  durations  of  12  months  or  less.  However,  the  evidence 
is  overwhelming  that  a  longer  recurrence  frequency  should  be  assigned 
to  these  extreme  events.  Analyses  performed  by  the  Corps  using  the 
REC-4  computer  program  "Monthly  Streamflow  Simulation"  stochastically 
extended  the  40  years  of  streamflow  data  by  generating  400  years  of 
synthetic  data.  However,  the  1930's  drought  could  not  be  reproduced. 

The  USGS  presented  the  results  of  a  study  of  the  frequency  of  low 
flows  on  the  Red  River  in  a  1962  report.  The  report  concluded  that, 
although  evidence  may  not  be  adequate  to  warrant  assignment  of  a  definite 
recurrence  interval  to  the  minimum  flows  of  the  1930’s,  the  minimums  were 
probably  the  lowest  that  occurred  during  a  period  of  at  least  150  years. 

On  the  basis  of  the  above  considerations,  it  was  concluded  that  the 
extreme  low-flow  events  should  be  assigned  a  200-year  recurrence  interval. 

The  results  of  the  partial  duration  analysis  for  the  Red  River  of 
the  North  at  Grand  Forks  and  the  Red  Lake  River  at  East  Grand  Forks 
indicate  that  the  Red  Lake  Reservoir  has  a  significant  effect  on  stream- 
flow.  At  recurrence  intervals  greater  than  10  to  20  years,  reservoir 
low-flow  augmentation  releases  maintain  higher  flows  than  have  historically 
been  observed.  Other  computer  runs  had  shown  that  releases  from  Lake 
Ashtabula  and  Orwell  Lake  do  not  have  a  significant  impact  on  the  water 
supply  of  Grand  Forks  and  East  Grand  Forks.  Therefore,  the  computer  run 
used  for  the  low-flow  analysis  assumed  these  two  reservoirs  were  operated 
only  for  communities  upstream  of  the  urban  area.  However,  Red  Lakes 
Reservoir  was  operated  in  its  normal  fashion  to  satisfy  Grand  Forks 
and  East  Grand  Forks  water  demands. 
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Figures  21  and  22  present  the  mass  curves  for  the  Red  River  of  the 
North  at  Grand  Forks.  Streamflow  mass  curves  for  20-,  50-,  and  100-year 
recurrences  are  shown.  The  mass  curves  were  obtained  from  the  family  of 
discharge-frequency-duration  curves  by  multiplying  the  average  flow  rate 
by  the  duration.  These  quantities  were  adjusted  to  allow  8  cfs  to  pass 
Grand  Forks.  (Earlier  studies  had  determined  that  8  cfs  was  a  reasonable 
minimum  base  flow  to  provide  a  safety  factor  and  insure  that  minimal 
river  flow  would  be  maintained  below  the  withdrawal  point.)  The  Grand 
Forks  and  East  Grand  Forks  year  2030  water  demand  curve  was  superimposed  on 
streamflow  mass  curves.  The  net  quantity  of  supplemental  water  supply 
storage  required  for  each  design  event  was  given  by  the  maximum  divergence 
between  the  demand  curve  and  the  respective  streamflow  curve.  An  allowance 
of  10  percent  was  added  in  accordance  with  the  frequency-mass  curve  analysis 
procedure. 

The  HEC-3  program  did  not  account  for  evaporation  losses  associated 
with  in-  and/or  off-channel  storage  volumes.  Evaporation  losses  were  based 
on  a  rate  of  28  inches  per  year  and  were  estimated  to  be  about  5.6  inches 
in  1  month  and  about  34.5  inches  in  450  days.  Evaporation  depends  on  the 
reservoir  surface  area.  In-channel  storage  has  a  relatively  large  surface 
area  because  the  river  slopes  are  relatively  flat.  In-channel  storage 
surface  areas  pooled  behind  the  low-head  dams  are  about  600  acres  on  the  Red 
River  of  the  North  and  200  acres  on  the  Red  Lake  River.  Off-channel  reser¬ 
voirs  could  be  designed  to  greatly  reduce  the  surface  area. 

Figure  22  indicates  that  water  supply  shortages  would  be  experienced 
for  approximately  30  days  during  a  50-year  drought  event.  The  storage 
requirements  for  various  drought  return  frequencies  would  be: 
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FIGURE  21  -  Mass  Curve  for  the  Red  River  of  the  North  at  Grand  Forks 


FIGURE  22  -  One  Month  Duration  Mass  Curve  for  the  Red  River  of  the  North  at  Grand  Forks 


Off-channel  storage  reservoirs  were  also  considered.  Evaporation 
would  add  less  than  2  acre-feet  of  storage  based  on  17  days  duration, 

5  acres  of  surface  area,  and  a  15-foot  working  depth.  For  35  days 
duration,  evaporation  would  add  about  7  acre-feet  of  storage  to  the 
base  storage  required  based  on  15  acres  of  surface  area  and  a  15-foot 
working  depth. 

Figure  23  presents  the  mass  curves  for  the  Red  Lake  River  at  East 
Grand  Forks.  The  mass  curves  for  20-year,  50-year,  and  100-year  return 
frequencies  are  shown  and  include  an  adjustment  for  the  minimum  of  3  cfs 
that  earlier  reports  recommended  be  allowed  to  pass  below  East  Grand 
Forks.  The  water  shortages  and  the  volume  of  in-channel  storage  required 
to  satisfy  East  Grand  Forks  demands  during  various  drought  return  fre¬ 
quencies  would  be: 


Drought 

In- 

channel  storage 

return 

Base  storage 

Evaporation 

Total  storage 

frequency 

required 
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Loss 

required 

(years) 

(acre-feet) 

(days) 

Oacre-feetj 

(acre-feet) 

20 

380 

186 

420 

800 

50 

520 

270 

450 

970 

100 

720 

450 

610 

1,330 

Evaporation  losses  were  based  on  the  Red  Lake  River  200-acre  storage 
pool.  If  off-channel  storage  reservoirs  were  used,  evaporation  losses 
would  add  about  60  acre-feet  of  storage  based  on  180  days  duration, 

30  acres  of  surface  area,  and  a  15-foot  working  depth.  For  450  days 
duration,  evaporation  would  add  about  150  acre-feet  of  storage  based 
on  50  acres  of  surface  area  and  a  15-foot  working  depth. 


FIGURE  23-  Mass  Curve  for  the  Red  Lake  River  at  East  Grand  Forks 


The  available  in-channel  storage  pooled  behind  the  existing  low-head 
dams  on  the  Red  River  of  the  North  and  the  Red  Lake  River  was  estimated 
to  be  2,200  acre-feet  and  1,000  acre-feet,  respectively,  a  total  of 
3,200  acre-feet.  This  estimate  was  based  on  cross  sections  and  thalweg 
elevations  surveyed  in  1944,  1972,  and  1979  that  indicate  that  river 
channel  elevations  have  not  varied  greatly  with  time.  An  allowance  of 
5  feet  for  sediment  buildup  between  high-flow  scours  was  provided  for 
in  the  estimated  storage  volumes. 

The  above  analysis  indicated  that  the  combined  Red  River  of  the 
North  and  Red  Lake  River  flows  plus  existing  in-channel  storage  could 
satisfy  Grand  Forks  and  East  Grand  Forks  urban  area  projected  water 
demands  and  required  supplemental  storage  for  the  50-year  design 
drought  (and  for  droughts  with  at  least  the  100-year  return  frequency) 
through  year  2030.  Therefore,  no  additional  in-  or  off-channel  storage 
is  needed.  Continued  maintenance  and/or  replacement  of  the  low-head 
dams  is  important  for  maintaining  in-channel  storage  capacity. 

For  the  Red  Lake  River  serving  just  East  Grand  Forks,  river  flow 
and  in-channel  storage  could  satisfy  East  Grand  Forks  projected  water 
demands  and  supplemental  storage  needs  through  year  2030  for  up  to  the 
50-year  return  frequency  drought.  To  satisfy  the  100-year  drought, 

330  acre-feet  of  additional  in-  or  off-channel  storage  would  be 
required.  If  an  off-channel  storage  facility  was  selected  to  provide 
the  additional  330  acre-feet,  the  total  land  area  for  water  storage, 
dikes,  and  access  was  estimated  to  be  about  60  acres.  East 
Grand  Forks  could  satisfy  these  supplemental  storage  needs  by  construct¬ 
ing  a  backup  water  intake  in  the  Red  River  of  the  North  to  draw  on  the 
pool  behind  the  existing  low-head  dam.  However,  since  the  design  drought 
is  the  50-year  recurrence  event,  additional  provisions  for  supplemental 
storage  are  not  recommended. 
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The  HEC--3  model  was  operated  for  various  water  demand  and  reservoir 
discharge  conditions.  The  range  of  water  demands  included  projected 
needs  in  1980,  1990,  2000,  and  2030.  In  general,  changing  water  demands 
have  minor  impact  on  the  streamflow  at  Grand  Forks  and  East  Grand  Forks. 
Regardless  of  demand,  there  was  always  one  period  of  shortage  requiring 
supplemental  storage  because  the  water  level  in  the  Red  Lakes  Reservoir 
fell  below  its  minimum  conservation  pool  and  water  releases  were  reduced 
from  50  cfs  to  15  cfs.  However,  the  magnitude  of  the  shortage  increased 
with  greater  water  demands. 

The  evaporation  losses  over  the  450-square-mile  surface  area  of  the 
Red  Lakes  Reservoir  had  a  more  significant  impact  on  the  streamflow  than 
downstream  water  demands.  One  computer  run  operated  the  Red  Lakes 
Reservoir  to  discharge  50  cfs  rather  than  15  cfs  even  when  the  operating 
level  fell  below  the  minimum  conservation  pool.  All  water  demands  could 
be  satisfied  and  no  shortages  resulted.  Furthermore,  releasing  50  cfs 
did  not  significantly  affect  the  water  level  in  the  Red  Lakes  Reservoir. 

In  summary,  the  low-flow  augmentation  reservoirs  built  and  improved 
in  the  early  1950's  can  maintain  streamflows  except  during  drought  periods 
when  in-channel  storage  supplements  natural  streamflows  to  meet  the 
urban  area's  water  demands.  The  existing  in-channel  storage  capacity  is 
adequate  to  meet  projected  year  2030  water  demands  during  the  design 
50-year  drought.  The  need  for  a  new  or  supplemental  water  source  - 
the  Garrison  Diversion  project  or  an  aquifer  -  is  obviated. 

The  low-flow  frequency  analysis  indicates  that,  to  meet  projected 
year  2030  water  demands,  supplemental  storage  is  required  for  all  droughts 
with  a  return  frequency  greater  than  about  10  years.  Partial  duration 
analyses  for  projected  1980,  1990,  and  2000  water  demands  were  not  con¬ 
ducted;  however,  it  is  evident  that  supplemental  storage  would  be  re¬ 
quired  even  for  1980  demands  because,  when  Red  Lakes  Reservoir  releases 
are  reduced  from  50  to  15  cfs,  essentially  none  of  the  released  flow 
reaches  the  urban  area. 
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The  Red  and  Red  Lake  Rivers  exhibit  similar  water  quality  character¬ 
istics  according  to  the  data  collected  between  1953  and  1977.  The  Red 
River  of  the  North  has  higher  total  dissolved  solids,  hardness,  alkalinity, 
and  suspended  solids.  Total  dissolved  solids  concentrations  follow  a 
seasonal  pattern  -  they  are  low  during  periods  of  high  flow  and  high 
during  periods  of  low  flow.  The  Red  Lake  River  experiences  higher  average 
biological  organism  concentrations  and  higher  fecal  coliform  counts.  At 
low  flow,  the  concentration  of  total  dissolved  solids  and  hardness  greatly 
exceeds  average  values. 

Both  rivers  experience  extensive  periods  of  high  turbidity,  due 
mainly  to  the  very  fine  silty  clay  streambeds.  Fluctuating  river  levels 
and  currents  cause  turbulence  which  resuspends  colloidal  clay  particles. 
Also, runoff  from  agricultural  lands  adds  to  the  suspended  solids  levels. 
Suspended  solids  concentrations  tend  to  be  lower  during  periods  of  low 
flow  and  higher  during  high  flows. 

Water  treatment  plant  operators  in  Grand  Forks  indicate  that  Red 
Lake  River  water  is  a  little  easier  to  treat  because  of  its  normally 
lower  hardness  levels.  Both  the  Grand  Forks  and  East  Grand  Forks  water 
treatment  plants  remove  suspended  solids,  color,  taste,  odor,  and  hard¬ 
ness.  During  high  flows,  higher  dosages  of  chemicals  are  required  to 
remove  suspended  solids  and  taste  and  odor  problems.  During  low  flows, 
higher  chemical  dosages  are  required  because  of  higher  hardness  levels. 

FORMULATION  OF  ALTERNATIVES 

Source 


Studies  have  shown  that  there  is  only  one  satisfactory  source  of  water 
to  meet  the  urban  area's  needs  -  surface  water  from  the  Red  River  of  the 
North  and  Red  Lake  River.  Therefore,  this  section  focuses  solely  on 
formulation  of  alternatives  based  on  these  sources. 
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Water  from  the  Garrison  Diversion  project  is  a  possibility.  However, 
because  of  international  and  environmental  concerns,  many  years  will  be 
spent  on  pilot  studies  of  the  effects  of  interbasin  transfers  before 
water  could  be  diverted  into  the  Red  River  of  the  North  basin.  Ground- 
water  sources,  including  the  promising  Elk  Valley  and  Beach  Ridge  aquifers, 
cannot  meet  the  urban  area's  demands  because  of  inadequate  recharge  rates, 
low  well  yields,  small  storage,  or  highly  saline  water. 

Water  Treatment  Regulations 

All  public  water  systems  must  comply  with  the  Federal  Safe  Drinking 
Water  Act  (Public  Law  93-523),  which  gave  the  EPA  the  authority  to  establish 
national  drinking  water  quality  standards.  The  established  standards  are  divided 
into  primary  and  secondary  regulations.  The  primary  regulations  pertain  to 
water  quality  problems  that  affect  the  health  of  consumers.  The  secondary 
regulations  deal  primarily  with  aesthetic  qualities  of  drinking  water. 

The  National  Interim  Primary  Drinking  Water  Regulations  became  effec¬ 
tive  on  24  June  1977.  An  amendment  to  the  primary  standards  proposed  on 
9  February  1978  would  add  regulations  for  organic  chemical  contamination. 
Following  a  National  Academy  of  Sciences  study  of  human  health  effects  from 
exposure  to  contaminants  in  drinking  water,  revised  National  Interim  Drinking 
Water  Regulations  will  be  promulgated.  Secondary  Drinking  Water  Regulations 
were  enacted  by  the  EPA  on  19  July  1979.  Secondary  regulations  are  not 
federally  enforceable  and  are  intended  as  guidelines  for  the  States. 

The  National  Interim  Primary  Drinking  Water  Standards  set  maximum  con¬ 
tamination  levels  for  10  inorganic  chemicals,  6  organic  pesticides  and 
herbicides,  2  categories  of  radionuclides,  turbidity,  and  coliform  organisms. 

One  of  the  major  reasons  for  implementing  the  Safe  Drinking  Water 
Act  was  to  determine  the  effect  of  certain  organic  chemicals  on  human 
health  and  how  best  to  control  contamination.  Chlorinated  organic 
chemicals  are  suspected  of  being  carcinogens.  Organic  chemical  con¬ 
taminants  in  drinking  water  are  derived  from  two  principal  sources: 
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•  Chlorination  practices  at  the  water  treatment  plant 
(trihalomethanes  (TTHM)  and  many  other  chemicals). 

•  Direct  or  indirect  industrial  discharges,  agricultural 
sources  (pesticides),  and  urban  and  agricultural  runoff. 

The  EPA  has  enacted  a  regulation  setting  a  maximum  concentration  level 
for  total  TTHM's;  a  proposed  regulation  specifies,  for  synthetic  organic 
chemicals,  a  treatment  technique  requiring  granular  activated  carbon 
or  its  equivalent. 

The  TTHM  regulation  applies  to  systems  serving  10,000  or  more 
persons  that  use  a  disinfectant  in  water  treatment.  The  TTHM  regulation 
is  to  take  effect  2  years  after  enactment  for  systems  serving  more  than 
75,000  persons.  Systems  serving  10,000  to  75,000  persons  will  be  required 
to  comply  4  years  after  the  enactment  date.  Systems  serving  less  than 
10,000  persons  are  not  required  to  comply  with  the  maximum  contamination 
levels  or  monitor.  The  proposed  treatment  regulation  requires  water  sys¬ 
tems  serving  greater  than  75,000  persons  to  use  granular  activated  carbon 
or  its  equivalent  in  their  drinking  water  treatment  systems. 

Considerable  discussion  and  study  has  taken  place  concerning  the 
proposed  organic  chemical  contaminant  regulations.  Arguments  include 
demonstration  of  human  health  effects,  costs,  treatment  technology, 
research  adequacy,  and  universality  of  compliance.  The  final  form  of 
these  regulations  can  only  be  speculated. 

The  proposed  National  Secondary  Drinking  Water  Regulations  set 
standards  which  are  not  federally  enforceable.  High  concentrations 
of  these  constituents  are  not  known  to  cause  any  serious  health  hazard. 
However,  aesthetics  which  should  be  considered  include  red  water  due  to 
iron,  bad  taste  and  odor,  laxative  effects,  scaling,  and  other  problems 
which  may  discourage  public  use. 
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The  Federal  Safe  Drinking  Water  Act  allows  individual  States  to 
obtain  authority  from  the  Environmental  Protection  Agency  for  setting  and 
enforcing  water  quality  standards.  State  standards  may  be  more  stringent 
than  those  of  the  Environmental  Protection  Agency,  but  not  less  stringent. 

The  agency  also  encourages  the  States  to  enforce  the  Secondary  Drinking 
Water  Standards.  Both  North  Dakota  and  Minnesota  have  accepted  the 
authority  and  have  enacted  State  laws  establishing  the  necessary  legal 
and  administrative  structure.  Also,  both  States  have  indicated  that 
they  will  accept  responsibility  for  implementing  the  proposed  organic 
chemical  contaminant  regulations  when  they  are  finalized. 

Water  Treatment  Alternatives 

Figure  24  shows  the  plan  view  of  a  universal  water  treatment  plant 
that  could  satisfy  all  existing  and  proposed  water  quality  standards  for 
the  water  supply  sources  being  considered.  Each  source  contains  different 
contaminants,  so  the  plant  design  would  be  established  by  deleting  unneeded 
processes  from  the  typical  plant. 

The  processes  required  for  normal  treatment  of  surface  water  are  similar 
to  those  used  by  Grand  Forks  and  East  Grand  Forks.  Grand  Forks  uses  pre¬ 
treatment  and  two-stage  softening;  two-stage  softening  was  an  experimental 
process  designed  to  treat  the  high  magnesium  hardness  found  in  Red  River  water 
East  Grand  Forks  uses  pretreatment  and  one-stage  softening  to  treat  Red  Lake 
River  water  which  is  of  relatively  better  quality.  The  proposed  treatment 
processes  include  the  unit  processes  shown  on  figure  24  for  the  universal 
water  treatment  plant  with  the  following  modifications: 

Source  Modification 

Red  River  of  the  North  No  granular  activated  carbon  treatment. 

Red  Lake  River  No  stabilization,  second  stage  recarbonation, 

or  granular  activated  carbon  treatment 

Combination  Red  River  of  Same  as  Red  River  of  the  North 

the  North  and  Red  Lake 
River 


FIGURE  24  -  Typical 

Water  Treatment  Plant,  Plan  View 


If  advanced  surface  water  treatment  is  required  to  remove  organic 
chemical  contaminants,  granular  activated  carbon  treatment  would  have  to 
be  included.  As  proposed,  the  Environmental  Protection  Agency  regulations 
would  require  1  year  monitoring  of  Grand  Forks  drinking  water  for  organic 
chemicals.  Grand  Forks  would  have  to  implement  the  other  portions  of  the 
proposed  regulations  in  about  year  2015  when  its  population  is  projected 
to  be  75,000.  The  total  urban  area  population  is  projected  to  be  75,000 
in  about  year  2000,  so  a  combined  water  supply  system  would  be  affected 
sooner  by  the  proposed  regulations.  East  Grand  Forks  population  is  pro¬ 
jected  to  be  10,000  in  about  year  1990,  so  the  city  would  be  required  to 
monitor  for  organic  chemicals  at  that  time. 

North  Dakota  and  Minnesota  Departments  of  Health  believe  that 
organic  chemical  contaminants  will  not  be  a  problem  for  Grand  Forks  or  East 
Grand  Forks.  Most  organics  in  the  Red  River  of  the  North  and  Red  Lake 
River  are  probably  due  to  natural  vegetative  decay  (leaves  and  agricultural 
plant  residue);  no  major  chemical  industries  are  located  in  the  Red  River 
of  the  North  basin,  so  synthetic  organic  contaminants  should  not  be  a 
problem.  It  is  recommended  that  Grand  Forks  and  East  Grand  Forks 
together  undertake  an  organic  chemical  monitoring  program  to  determine 
the  concentration  of  organic  chemicals  in  their  raw  and  treated  waters 
to  provide  a  sound  basis  for  justifying  the  need  or  lack  of  need  for 
removing  organic  chemical  contaminants. 

The  North  Dakota  and  Minnesota  Departments  of  Health  have  also 
indicated  that  most  of  the  organics  in  the  Red  and  Red  Lake  Rivers  could 
probably  be  removed  by  chemical  addition  and  sedimentation  ’t’n  the  pre¬ 
treatment  basin.  Therefore,  by  eliminating  prechlorination  and  removing 
organic  precursors  of  TTHM' s  before  chlorination,  low  levels  of  chlorinated 
organics  would  be  present  in  the  drinking  waters. 

Based  on  the  above  analyses,  granular  activated  carbon  treatment  would 
not  be  required  under  the  proposed  regulations.  However,  requirements  may 
change  to  include  systems  serving  smaller  populations  or  lower  organic 
chemical  contaminant  limits. 
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Mater  Conservation  Measures 


Water  conservation  measures  reduce  peak  demands  and  total  water  use. 

When  these  measures  are  implemented,  available  water  supply  sources  can 
be  more  efficiently  used;  the  design  life  of  existing  water  storage,  treat¬ 
ment,  and  distribution  systems  can  be  extended;  and  smaller  capital  investments 
are  required  for  expansions.  General  water  conservation  measures  may  be 
implemented  at  any  time.  More  drastic  measures  may  be  implemented  during 
drought  conditions  to  save  even  more  water. 

An  effective  water  conservation  program  is  a  multifaceted  approach 
directed  at  and  implemented  by  the  general  public,  service  organizations, 
industries,  local  governments,  and  water  utilities.  Table  10  discusses 
a  range  of  water  conservation  measures  which  can  be  implemented.  Gener¬ 
ally,  five  basic  techniques  are  used: 

•  Reduction  in  treatment  plant  losses  and  distribution  system  leaks. 

•  Public  awareness  and  education  programs. 

•  Ordinances  for  mandating  water  use  reduction. 

•  Pricing  changes  to  discourage  water  waste. 

m 

•  Industrial  water  conservation. 

Reduction  in  water  treatment  plant  losses  can  be  achieved  by  recycling 
filter  backwash  and  clarifier  Bludge  draw-off  water.  Grand  Forks  has 
recently  installed  sludge  handling  facilities  which  dewater  sludges  and 
recycle  the  carrier  water  to  the  head  end  of  the  water  plant.  Therefore, 
water  losses  are  minimal.  East  Grand  Forks  diverts  its  filter  backwash 
and  clarifier  sludge  waters  to  the  sanitary  sewer  system.  It  is  estimated 
that  15  percent  of  the  raw  water  drawn  from  the  river  is  lost.  East  Grand 
Forks  should  take  steps  to  reduce  this  water  loss. 


105 


Table  10  -  Methods  of  urban  water  conservation  -  Implementation,  advantages 

and  disadvantages 


Techniques  to  Reduce 

Water  Consumption  Implementation 


Advantages 


Dli 


i  tee 


Leah  detection  and  Institutional 

repair  of  water  agencies* 
distribution  systems. 


Leek  detection  end  Voluntary 

rapalr  of  conaumara’  Inatltutlonal 

systems . 


Education  Voluntary 

Mandatory 
Inatltutlonal 


Efflclant  irrigation  Voluntary 

ualng  automatic  devices 

native  end  other  low-  Voluntary 

water-using  plants  In  Inatltutlonal 

landscaping. 


Modification  (retrofit)  Mandatory 

of  existing  plvmblng  Voluntary 

fixtures.  Institutional 


Water  saving  plimblng  Mandatory 

fixtures  in  new  and 
replacement  construction. 


Mew  technology.  Voluntary 

Inatltutlonal 


Mate ring 


Inetltut lonal 


Sewer  service  charges  Inatltutlonal 

based  oa  water 

consuaptlon. 

Pricing  Institutional 


1.  Reduces  unaccounted  water  losses. 

2.  Reduces  under mining  damage  to  streets, 
sidewalks,  and  other  structures. 


1.  Can  reduce  other  home  rapalr  coats  such  as 
those  Iron  wood  rot. 

2.  Many  leaks  simple  and  Inexpensive  to  rapalr. 

3.  Reduce#  operational  costs. 

1.  Induces  voluntary  water  conservation. 

2.  Changes  long  established,  wasteful  conauaar 
habits. 

3.  Achieves  long-lasting  results  by  Influencing 
younger  generation. 

4.  Ensures  greeter  success  and  accaptancs  of  other 
enter  saving  naans. 

1.  Healthier  plants. 

2.  Decreased  maintenance. 

3.  Mechanical  type  savings. 

1.  Established  native  and  other  low-wets r-ueing 
plants  need  little  or  no  Irrigation. 

2.  Established  plants  need  little  care. 


1.  Many  devices  are  nominal  in  coat. 

2.  Enables  water  and  energy  conservation  In 
existing  facilities  sad  therefore  has  potential 
rapid,  widespread  savings. 

J.  Water  savings  nechenlcelly  effected. 

4.  Reduces  weeteweter  conveyance  end  treatment 
Load. 


1.  Mechanical  devices  render  savings  despite  user 
habits. 

2.  Reduce  wastewater  conveyance  and  treatment  load. 


1.  Greater  water  and  energy  savings  then  conven¬ 
tional  designed  devices. 

2.  Reduce  weeteweter  conveyance  and  treatment  load. 


1.  Easier  to  Implement  then  some  of  the  other 

euggasted  methods . 

2.  May  Induce  consumers  to  begin  conserving  water. 

1.  More  equitable  then  flat-rate  basis  to  pay 
operational  coat  of  sewage  treatment. 

2.  Achieve  dual  benefits  of  reduced  water 
coneueptlon  and  wastewater  flow. 

1.  My  be  relatively  aaey  to  implement . 

2.  Can  affect  all  customers. 

3.  Can  be  strong  Inducement  to  effect  conumir 
saving#. 


1.  Because  leaking  water  often  percolates  to  usable 
ground  water,  water  agencies  sometimes  ignore 


2.  Low  cost  of  lost  water  nay  not  equal  coat  of 
detection  and  repair. 

1.  Difficult  to  induce  flat-rats  conaumara  and 
apartment  dweller a  to  repair  leaks. 

2.  Could  be  espenalve  to  consumer  If  he  needs  pro¬ 
fessional  aarvlca. 

1.  Effective  program  raquirea  coordinated  efforts 
of  local  and  state  agencies. 


1.  Periodic  adjustments  required. 

2.  Expensive  initial  cost. 

1.  General  preference  for  exotic  plants. 

2.  Harrow  selection  of  native  plants  In  nurseries. 

3.  Difficult  to  establish  some  low-watar-ualng  plants 
and  general  lack  of  knowledge  on  care. 

4.  Somewhat  higher  costa  because  native  and  other 
lw-weter-uelng  plants  are  not  readily  available. 

1.  Inconsistent  af fact! venose  of  retrofit  devices 
because  of  variable  design  and  construction  of 
existing  fixtures. 

2.  Cone  mm  r  removal  or  tampering  with  retrofit 
devices  because  of  suspected  poor  performance. 

3.  Soma  devices  require  skilled  installation  end/or 
follow-up  adjustment. 

4.  May  cauea  blockage  probleme  in  marginal  eewege 

collection  eyeteme. 

1.  Poes ibis  reel stance  to  redesign  and  retooling 
to  manufacture  water  conserving  devices. 

2.  Drain  pipe  elope  tolerances  ere  more  critical. 

3.  Initially,  consumers  nay  raalat  acceptance. 

4.  Initially,  higher  unit  coat  of  water  saving  devices 
until  demand  Increases  production  and  reduces  coat. 

5.  May  cause  blockage  probleme  In  marginal  eewege 
collection  eyeteme. 

1.  Uncertain  long-term  ef  feed  venae# . 

2.  Consumer  and  inatltutlonal  reeletance  to  Innova¬ 
tions. 

3.  Higher  Initial  costa. 

4.  Conformance  with  existing  codas  and  regulatlone; 
may  require  change*  or  variations. 

3.  May  causa  blockage  probleme  in  marginal  sewage 
collection  systems. 

1.  Consumer  objection. 

2.  High  capital  coat. 

3.  Requires  changes  In  rate  structure  end  billing 
procedure. 

1.  Requires  well  designed  rate  structure. 

2.  Need  to  segregate  Inside  end  outside  water 
coneueptlon. 


1.  Consumer  objection. 

2.  Raquirea  well  designed  pricing  structure  to 
achieve  effective,  equitable  pricing. 

3.  Often  require  changes  In  rate  structure,  meter 
reeding,  and  billing  procedures. 


Source:  Reference  *♦ 
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Reduction  in  distribution  system  losses  reduces  the  amount  of  water  that 
is  unaccounted  for;  i.e.,  water  delivered  to  the  distribution  system  but  not 
recorded  by  water  meters  for  billing  purposes.  Grand  Forks  and  East  Grand 
Forks  experience  5  to  10  percent  unaccounted-for  water  loss  (which  is 
relatively  low).  Grand  Forks  and  East  Grand  Forks  should  continue  existing 
programs  and  implement  additional  water  system  maintenance  programs  as  part 
of  their  overall  system  management.  These  programs  can  include  water  main 
replacement,  leak  detection,  and  meter  maintenance. 


Public  awareness  and  education  programs  are  the  most  important  facets 
of  a  water  conservation  program.  They  promote  personal  and  community 
involvement.  Educational  techniques  should  be  designed  to  enlist  the 
active  and  voluntary  participation  of  the  general  public.  People  should 
understand  where  their  water  comes  from  and  that  water  is  a  limited  resource. 
They  shoulc  realize  that  water  treatment  and  distribution  systems  are  ex¬ 
pensive  to  vuntain  and  expand  and  that  they  will  benefit  economically  by 
conserving  water.  Public  awareness  and  education  should  be  carried  out 
through  schools,  the  news  media,  water  bill  inserts,  pamphlets,  newsletters, 
workshops,  and  service  organization  projects. 


Residential  programs  can  be  directed  at  reducing  wasteful  water 
practices.  Leakage  within  the  home  (due  mostly  to  worn  out  faucet  washers 
and  toilet  tank  valves  which  are  easily  repaired  by  the  homeowner)  repre¬ 
sents  5  to  10  percent  of  all  residential  water  consumption.  Water-saving 
devices  use  less  water  without  changing  water  use  habits  and  can  be  installed 
as  new  plumbing  fixtures  are  retrofitted  into  existing  fixtures.  Residential 
water  use  can  be  reduced  by  16  to  20  percent  when  toilet  displacement  devices 
and  shower  head  flow  restrictors  are  installed. 

Ordinances  for  mandating  water  use  reduction  are  probably  the  most 
effective  means  for  ensuring  that  water  conservation  measures  are  taken. 
Ordinances  can  be  designed  to  reduce  peak  demands  and/or  total  water  use. 
Reducing  peak  demands  has  the  most  beneficial  impact  on  water  supply  and 
treatment  facilities.  Peak  demands  can  be  reduced  by  regulating  use  and 
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when  uses  occur.  This  type  of  regulation  affects  primarily  outdoor  uses 
such  as  lawn  and  garden  watering,  car  washing,  swimming  pool  filling,  and 
water  fountains.  Ordinances  to  reduce  total  water  use  include  plumbing 
codes  that  require  water-saving  devices  in  new  construction  and  remodeling 
to  replace  existing  fixtures. 

Pricing  changes  to  discourage  waste  are  effective  in  encouraging  water 
conservation.  Both  Grand  Forks  and  East  Grand  Forks  have  declining  block 
rate  structures  where  the  unit  price  decreases  as  the  total  use  increases. 
Although  the  declining  block  rate  is  widely  used,  this  structure  does  not 
encourage  water  conservation.  A  variety  of  other  pricing  systems  could  be 
used:  a  lesser  declining  block  rate,  a  uniform  rate,  a  peak  load  rate,  or 
an  increasing  block  rate  would  reduce  total  water  use.  These  rates  affect 
larger  users  most.  Peak  load  rates  affect  seasonal  uses  such  as  lawn 
watering. 

Industrial  water  conservation  can  produce  the  single  largest 
reduction  in  total  water  use.  For  example,  representatives  of  American 
Crystal  Sugar  have  indicated  that  they  can  double  their  production  without 
increasing  water  consumption  at  their  East  Grand  Forks  plant  by  using 
water-saving  equipment  and  recycling. 

Substantial  water  savings  can  be  achieved  by  simply  eliminating 
unnecessary  and  wasteful  practices.  Each  industry  and  industrial  plant 
has  different  potentials  for  implementing  water  conservation  measures 
depending  on  type  of  process,  condition  of  equipment,  education  of  the 
labor  force,  and  comnitment  of  management.  Some  measures  involve  capital 
and  labor  expenditures.  The  projected  year  2030  industrial  water  use 
is  about  30  percent  of  the  total  urban  area  water  use.  Most  of  the  industrial 
water  use  occurs  between  September  and  May  following  the  fall  harvest.  It 
is  estimated  that  industrial  water  conservation  measures  can  save  10  to 
20  percent  of  the  industrial  water  use  or  about  3  to  6  percent  of  the 
total  urban  area  water  use. 
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Table  11  shows  projected  average  and  maximum  day  urban  demands  with 
a  comprehensive,  effective  water  conservation  program.  This  table  should 
be  compared  with  tables  8  and  9  which  reflect  projections  without  con¬ 
servation.  Average  day  water  use  could  be  reduced  approximately  8  percent 
during  nondrought  conditions;  maximum  day  demands  could  be  reduced  about 
10  percent.  These  reductions  can  be  expressed  in  other  ways: 

•  The  year  2030  total  water  use  could  be  reduced  by  about  1.3  mgd 
or  approximately  13,000  more  people  could  be  served  without  increasing 
year  2030  water  demand  projections. 

•  The  year  2030  water  treatment  plant  capacity  could  be 
reduced  by  about  10  percent  or  3.0  mgd. 

•  The  existing  East  Grand  Forks  plant  could  satisfy  demands 
through  year  2015,  10  years  beyond  current  projections. 


Table  11  -  Projected  urban  water  demands  with  water  conservation 


Comprehensive  Water  Supply  Alternatives 


This  section  develops  comprehensive  alternatives  -  total  systems 
that  pull  together  water  supply,  raw  water  storage,  water  transmission, 
water  treatment,  and  management  practices  to  satisfy  the  projected  water 
demands  for  the  Grand  Forks-East  Grand  Forks  urban  area  through  year  2030. 
Each  comprehensive  alternative  has  four  components  corresponding  to 
raw  water  source,  water  quality  standards,  water  conservation  practices, 
and  separate  or  combined  systems  for  the  two  cities.  Various  combinations 
of  the  four  components  produce  the  array  of  alternatives.  A  four -part 
number  identifies  each  comprehensive  alternative  per  the  following  system: 

•  Water  Supply  Sources 

I.  Surface  water  from  the  Red  River  of  the  North  and  the 
Red  Lake  River 

II.  Garrison  Diversion  water 

III.  Groundwater 

•  Water  Quality  Standards 

A.  Interim  primary  drinking  water  standards 

B.  Proposed  advanced  drinking  water  standards 

•  Water  Conservation  Practices 

1.  Without  water  conservation  practices 

2.  With  water  conservation  practices 

•  Separate  or  Combined  Systems 

a.  Separate  supply  and  treatment 

b.  Combined  supply  and  treatment  in  year  2005 

c.  Combined  supply  and  treatment  in  year  1990. 


Component  "a"  assumes  continuation  of  Grand  Forks  and  East  Grand  Forks 
existing  separate  water  supply,  treatment,  and  management  systems.  Com¬ 
ponent  "b"  assumes  continued  separate  systems  until  2005,  at  which  time  new 
combined  facilities  would  be  built  and  the  old  facilities  abandoned. 
Component  "c"  assumes  construction  of  a  new  combined  facility  in  1990  when 
the  service  lives  of  the  cities'  water  treatment  plants  would  be  over. 

Either  of  these  combined  systems  would  require  a  formal  agreement  between 
the  participating  entities  specifying  management  and  financial  arrangements. 

Since  earlier  findings  demonstrated  that  neither  the  Garrison  Diversion 
project  nor  groundwater  could  satisfactorily  meet  the  urban  area's  water 
needs,  the  only  viable  source  is  surface  water.  Thus,  all  comprehensive 
alternatives  discussed  below  use  Red  River  or  Red  Lake  River  water.  In 
all  cases,  Grand  Forks  continues  to  supply  water  to  the  Air  Force  Base; 
a  second  transmission  line  is  installed  to  improve  the  reliability  of  the 
service.  Self-supplied  industries  and  rural  water  districts  continue  to 
supply  their  own  needs.  Also,  since  existing  maximum  daily  water  demands  in 
Grand  Forks  equal  the  treatment  plant's  present  capacity,  an  immediate 
increase  of  water  supply  capability  is  assumed. 

The  economic  analysis  of  alternatives  covered  the  50-year  study 
period  ending  in  year  2030  and  includes  construction  costs,  replacement 
costs,  operation  and  maintenance  costs,  and  equivalent  annual  costs.  All 
costs  are  based  on  January  1979  price  levels  and  reflect  costs  in  the  Grand 
Forks  and  East  Grand  Forks  area.  An  interest  rate  of  6  7/8  percent  per 
year  is  used  to  convert  costs  to  equivalent  annual  costs  for  the  50-year 
study  period.  Construction  costs  are  based  on  maximum  day  demands; 
operation  and  maintenance  costs  are  based  on  average  day  demands. 

Total  capital  costs  include  costs  for  construction,  administration, 
engineering,  legal  expenses,  contingencies,  interest  during  construction, 
and  land.  Transmission  mains  are  assumed  to  be  routed  along  exist¬ 
ing  easements  and  rights-ot-way  so  no  additional  costs  win  be  incurred. 
Future  construction  costs,  operation  and  maintenance  costs,  and  salvage 
values  are  converted  to  equivalent  present  worth  amounts,  then  to  equiva¬ 
lent  annual  costs. 

Conceptual  plans  for  the  12  comprehensive  alternatives  are  shown  in 
figure  25.  The  proposed  schedule  of  improvements,  related  costs,  and  design 
specifications  is  presented  in  table  12. 
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1, >10,000  MapUca  MM  la*  kM«  4m 

M . tOO  Ularklak  OP  Pi  wgpip. 

t.tM.OM  Mfurkleh  aalatlag  IP  ag*  treat  Mai  plaat 

N. OM  Malaiala  MM  laa  baa*  Ma  ta  *l|M<  V-r*ac  Utar.ai*  t*  10)0 
10,000  bln  lag  1-lglaiw  1)  ag*  I  la* 

1.0)0,000  tala!  lag  MglMiasr  1)  ag*  flee. 

0  M  tl.  ).  ■**  )  aapplr  as*  aalatlag  II  m*  t«Mt*aa«  plaat 
(44.000  Mpsa*  kapplp  ta  11  ag*  ItM  as*  a.«j 
14.100.00t  mm  IP  ag*  traatsMt  plaat . 

Ik.OOO  hr  t.«  gg*  (la*  tea  raaaaa  liaairlr  ta  1010  •alas 

I.7M.0M  tar  l.t  gg*  (1**-  laa  rasa  a*  lMeerlr  la  POM  raise 

M.000  hr  IP*  ag*  lias. 

P.100,000  hr  11. »  ag*  (la*. 


Par  Mist  lag  l.*  *g<  (laa 
hr  ltt  tag  l.t  ag*  Pl*a. 
Wfurklak  aaiat  lag  «  eg*  tt 
1  ag*  s*pp>r 

4m  )  ag*  traataaai  plaat 
hr  l.t  ag*  Pis*,  lacraaaa 
hr  I  .♦  ag*  ft**.  Ibcpmm 
hr  P.t  agl  I  la* 
hr  P.t  ag*  (la*, 
twpplr 


». JW.OOO  Pm  *a*plr.  IIS  alias  *(  |)*  pip*  li«  Graag  Parka  t*  k 

It.OM  MUtlag  It"  as*  Ma  II"  pipe  Da  I  (at*  ta  MW 


<»>  CMOWIII  *(  ewpplr  **•  l"**ka  mat. 
urn  -  aa*  airsf  *1  IK  aarik 

BU  -  U*  Lak*  lira* 

Ueleea  at  ha rules  atata*.  OM  teat*  are  aaa* 


ALTERNATIVE  I-B-1-*  PROPOSED  IMPROVMNTS  AND  COSTS 


(I)  CeapaaMl*  si  aapplr  are  Utah*  a 
IM  -  la*  lira.  *(  tk*  hrtk 
UO  -  ks*  ut*  Plaat 
JBla#*  alkarals*  atata*.  OM  casta  ar 


ALTERNATIVE  I-B-2-a  PROPOSED  IMPROVEMENTS  AND  COSTS 


1*00  OM  hpplr 
KM  OM  Traaraeat 

IMS  Capital  Cast* 

Iff)  OM  ttaraga 
1**0  Capital  Carta 


100)  OM  Traaiasm 
PM)  >k*aha  Parti  It  laa 
IMS  Capital  Ga*t* 

700)  OM  hpplr 

100)  OM  Traataaai 

POM  OM  (apply 

POM  OM  Treat  amt 

POM  Oalrapa 


K00  OM  TrMIMet 

ItfO  Capital  Gaels 

100}  Capital  Caat* 

POO)  OM  (apply 

IMS  OM  Treat  Mat 

MM  OM  Oapplp 

MM  OM  TieeiMel 

MM  OaUag* 


ltt)  OM  ttaraga 
I  WO  Capital  Cast* 
IHO  OM  Ptarapa 
)0M  Ulraga 


■aa  0  ag*  < raataaat  plaat  aa*  laa*. 

•tapir  at  k  ag*  ptwptaa  (■»). 

hr  aalatlag  7  1  ag*  aa*  aw  0  ag*  71a*  laa  raaaaa  llaaarlp 
hr  aalatlag  7.7  *g*  aa*  aa*  0  ag*  flew  laa  raaaaa  1  laser  ly 
Whrhlsh  CP  f)  awpplp. 

Malaiala  US  la*  Ma*  Us. 

■aplac*  UK  la*  Ma*  **p, 

Ularklak  CP  fl  aapplr 

Wtrrkkah  *■!•( lag  IP  M  ttMtaaat  plaat. 

Nslatpia  IM  la*  Ms*  4m  la  light  k-yasr  Utkrrsl*  ta  MM. 
tain  lag  7.7  ag*  aa*  aa*  1.0  gg*  lle*. 
bln  log  7. 7  *g*  aa*  aa*  S  O  gg*  flaw. 

Kfl.  I.  aai  J  ****  If  a*  salat  lag  IP  ag*  tree  reset  plan 
■lean*  supply  la  It  aar  (IM  *a*  Uhl 
•*»  li  gg*  treat seat  plaat 

Par  JO.)  gg*  Ma*.  In* raaaaa  llaaaflp  ta  POM  sale*. 

Pet  10.)  *4  Ms*,  la* raaaaa  llaaarl;  ta  MM  Wise- 
Pap  I)-)  ag*  Ms*. 

Pap  1)7  ag*  flag. 


Pap  alnig  I.)  ag*  flea.  lac  raaaaa  llaMtlp  I*  POO)  kale* 
hr  aalatlag  l.p  gg*  (law  I  a*  raaaaa  ll*M?lf  ta  POOS  aglwi 
lehrklab  aalatlag  I  ag*  trasiaeel  plaat. 

4m  t  ag*  aapplp. 

Nr  0  ag*  treat  west  plaat 

hp  P.l  ag*  M«*.  I  a*  raaaaa  llaMrly  ta  MM  «klaa. 

Pat  1. 1  eg*  flaw.  Imimpm  llaMtlp  i*  MM  Ml**, 
hr  l.t  ag*  Ma*. 
hr  P.O  ag*  flaw, 
hpply . 


hiatal*  ILP  la* 
Wplac*  au  la*  I 
hiataln  HI  la* 


Ma*  4m  la  sight  J-yaar  lataragl*  t*  MM. 


1M0  Capital  Caat* 

)  *pl*a.  'itOO  OM  hppl? 

S  MlM.  1100  OM  Treat  as.  i 
KOI  Capital  Caat* 
IH)  OM  Itarag* 
IWO  Capital  Casts 


ItfO  OM  ft#r*p* 

POO)  OM  hppl? 

100)  OM  Tvaataaai 
rale*.  POO)  PMngaa  hollttee 
POO)  Capital  Cmi* 

POO)  OM  hpplr 
MO)  OM  Traataaai 
MM  OM  Bupply 
)0M  OM  TrastMat 
MM  Pai»#g* 


K00  OM  It  a*  lean  i 

IWO  Capital  Caat* 

POO)  C*plt«i  Cast* 

POO)  OM  Supply 

POO)  OM  rppateaac 

MM  OM  OupplT 

MM  OM  TrMieaai 

10  JO  hl>*p* 


ItO)  OM  Itarag* 
IHO  Capital  Cmi  a 
IWO  OM  It  a  r  spa 
POM  Wl  *aga 


■a*  I  ag*  ttaateaat  plaat  aa*  laa* 

iupnlr  si  *  aa*  m*i*i  iUK) 

Par  aalatlag  7  I  gg*  a«*  see  0  ag*  (la*  lx laaaaa  lit 

Par  «al*tlag  M  gi  aa*  mb  0  ag*  (Ioa  lurwHt  lit 

■afarkiak  CO  II  kapplp - 

Malaiala  UK  la*  has*  «*a 

lap  lac*  Mi  la*  lari  *m 

Ufarklak  CP  PI  Supply 

Uiurklah  tain  lag  II  ag*  iiMteaat  plaat 

hlatala  UP  Im  kaa*  *aa  ta  algkt  l-yei  latarvsl*  ta 

b 1st  tag  7  |  ag*  *■*  aea  )  7  ag*  I laa 

hlatlag  7 .  |  ag*  aa*  aa*  2  I  ag*  ilea 

CP  ll,  I.  aa*  )  aapplr  aa*  nltl  lag  11  ag*  tiaataaut  pi 

bean*  auaplr  la  17  ae*  (MM  aa*  KLPI 

Mas  17  ag*  traataaai  plaat 

Par  t  a  ag*  (laa  laa  raaaaa  llaMtlp  ta  I0M  vela* 
hr  t  a  ag*  (la*  larraaaaa  llaMrly  ra  P070  oslaa 
Per  li  t  h*  fla* 


4,000  hr  rain  lag  I  *  gg*  Ilea  lacraaaM  l  !**•*!*  t*  POOS  -am 

40t  .040  Par  Mining  l.t  ag*  ilea  lx  raaaaa  llaMrly  ta  100)  ealaa 

).  MO. 000  hfurkUh  slating  *  ggg  tr  mi  Beet  plaat 
7*4,000  gg*  7  gg*  supply 

10.000.000  4m  )  ag*  ■  raataaat  (last 

0,000  hr  I  •  ag*  11**.  lx  raaaaa  liaan  Ir  ta  MM  rates 

1)1,000  Per  I  f  ag*  fla*.  lea  raaaaa  llaMtlp  t*  POM  y*>M. 

0,000  hr  P.t  gg*  Hp*. 

1*0,000  Par  P.O  ag*  lit* 

101,000  hpply 


10.000  hlatala  «U  Im  h 
1.144.000  Uplaca  U  Inks 
70,000  hlatala  kU  lea  k 
417,000  I It  Im  Ma*  4m 


4,1(0.000  Par  supply .  I)  )  alls*  al  II"  pip*  free  CP  ta  MM 

10,000  bUtlag  It’  aa*  ae*  tl"  pip*  hilar*  ta  POM 


hltllwt  *ae*4)  CPPI 


■Mmi  (l>  Caeprmna  a(  aapplr  at*  latak*  attuclursa  M*  aptar  traualNlM  I  t*M 
HK  •  Be*  1 1  yet  ai  tk*  hrtk 
RU  -  la*  keba  llrn 

hlaM  at han> laa  atata*,  OM  caat*  are  mea*  ta  ka  ■Ptllri  aaaasllp 


(I)  Cm*  Meat  a  *f  awpplp  at*  iat*4«  HtwHfK  aa*  a 
Oh  -  la*  liver  *1  ih*  hrtk 
■U  ■  la*  Ult  llyar 

Pal  aaa  KMniM  Mala*.  OM  real*  ar*  kasuea*  t*  M 
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TABLE  12  CON’T 


ALTERNATIVE  I-A-l-b  PROPOSED  IMPROVEMENTS  AND  COSTS 


ALTERNATIVE  1  A-2-b  PROPOSED  IMPKOVEMtN  I S  ANL  i-OSTS 


170. MO 
W. MO 
1.170. 000 


CHIMl  OmI 

«■  Sopplr 

OM  tMMH 

•  rttuuiM 


rac  BUIl^  »  7  m*  flM. 
Fit  auitii  1.7  I|i  (la. 
la/yrtia  a»  n  awppip 
MutM  a  n  bmpIp 
U/actiM  aalat lap  12  a*t 
m  *V,  1,  Ml  OMPip  at 


Fm  aliiU|  1.3  M*  Flaa. 
tmt  aaiarinp  I  ■  5  a«M  flM. 
WutUI  BtHU|  t  M  (i 

7m  2.1  i 

flaw. 


Ua liar*  (•  2003 


!«*G  0«*  V-vri. 


314.000  Pm  2.1  ^ 


*M*lr  fat  •  md  f<MUt  (HO). 

Pm  0  Ml  Mm.  lacrtaa  llMWlr  <•  1003  • 
hiOM  tlm.  iMtaaa—  Ufllp  2003  • 


lwo  out  ktm* 


0tM  TtMiaai  *74.000 

blMItlM  if  CP/ OOP  twpplp/TVaat 

CapUai  Cm*  2.220.000 

It. 300.000 

OH  Supply  33,000 


WM 

2030 

1030 


OH  Papplp 
OH  TraataM 
UiH 


Sia  mn  atuam  i 


>003  Capital  Caai 

2007  0H  Mpplr 

10P7  OH  Traai  ataai 

2030  OH  luppi* 

20  70  OH  TtaaiaaM 

10 M  tal.apa 

Ciaaa  'tiU  Mr  Par.  a  I 


■  Ixrktaa  C.t  |1  aeppip 
llaralH  CP  ll  awpp I j 
tlarktali  aalai lap  12  ■ 
7  *1.  ).  a*4  7  aupplp 


4.000  Far  aalat  lap  I  4  apt  Hm 

.04.000  Pot  am  I  at  lap  I  4  apt  Horn 

7,000.000  Batura  la*  a> lai tap  4  apt  (< 
4.000  Pat  1  I  apt  Flaa 
407.000  Par  I  t  ap4  1 1 m 

0  lupplp  tal  aalat  I  up  a  apt  i 


.000  Ban  4  m4  i  latiaaal  pleat  at!  I  ant 

.000  Pet  0  H  F 1  cm  Ixraaaaa  ItOMrlr  t 

0  Par  0  apt  Flaa  lacraaaaa  HaMflp  < 

.000  Nalatala  PH  laa  MM  dm- 
.000  Nalatala  4L4  1m  MM  dm 
.0M  toplai  a  *H  laa  naM  dm 
.000  tepla.a  PLP  laa  MM  4m 

'.000  Nalatala  lli  laa  MM  4m  la  MpM  3- 
.000  Par  2  7  apt  I laa 
.000  Pal  I  7  apt  f  Im 

.Juo  lapaM  aapplf  la  la  a»4  IND  at.4  ai  a  i 
OM  Naa  I*  op4  itMtMat  pint 
.000  Par  tl  7  aa*  Mm  Itxraaaa.  IIM*'l 

OM  Par  II  I  ap4  flaa  larraaaaa  linear  I 

'  Par  II  I  apt  flaa 

Par  17  I  apa  Flaa 


■  a  2007  ralw 


I.IM.OM  Laa  « 


«p^|.»iaai  dmmj  U.a. 


(17  Cl  mu  Mia  at  a  apply  ara  lull  arm 

UP  -  Im  IIvm  a t  (ha  Mrxfe 

■U  -  IM  Laka  llrar 

Wim  aUaraUi  IMM.  0M  (Mil  ara  a 


ALTERNATIVE  1-B-l-b  PROPOSED  IMPROVEMENTS  AND  COSTS 


ALTERNATIVE  I-B-2-b  PROPOSED  IMPROVEMENTS  AND  COSTS 


ItW  0H  3>.44  l» 

11*0  OH  1iniaa.i 

1 403  Capital  tuptP 

1440  Capital  Imii 

2007  44a  ntoa  Par  fill  IM 

Ifti 

.P00  OH  layplp 

1440  OH  TiMtaani 

1440  Capital  Caata 

2007  OH  lapplp 

2M7  OH  Traalaam 

JM7  44an4a*  Par  II  HIM 

CmPImO  Par  I  i  ll  lay 


1411  OH  liui 


21.00(1 
1.740.000 
1 70.000 
•0.000 
4.310,000 


744  000 
1.440.000 
4.000 
441.900 


Par  aalatl.ip  '  7  apt  flea  Unlluia  te  2 

Par  aalallnp  I  7  apt  flaa  Uni  fora  la  1 

ftafarklali  CP  P>  aupp'P 
lafurktah  cp  #|  awppip 

Baferktah  Mlallap  12  ap*  ■  raataaal  plan 
CP  11.  2.  aM  )  awppip  <*4  aalallnp  II  a 


Par  aalai  lap  I  7  M*  M« 

■afarklah  Mlailnp  a  ap4  iraalaMl  plant 
Par  1  I  apt  flaa 
Par  ]  I  ap4  flM 

•apply  in4  Mlatlnp  a  apt  Iraaiaani  plat 


t raalaaal  plaai  Pa  Mlaapa  taint 


1007 

1M7 

MW 

MX 

MW 


P  Mpytp'T 
2.121.0 
aO.FM.O 


tm  k  ap4  ( raalnaa.  plaal  aM  IM 
«»pal.  F«r  4  «l  .»<>■  »«■). 

Pat  0  np4  I  laa  latraaaaa  Ukaarlp  la  1003  aalaa 
Pat  0  np4  flaa  Ixthim  ItkMtly  ta  Ml  »a)aa. 

Nalatala  UP  Im  Ma4  dm 
Mint  ai*  PU  Im  kaM  taa. 
tap  lac  a  IH  laa  hM4  dm 
•apt a.  a  til  laa  haM  4m 

Nalatala  UUI  laa  MM  4m  la  alpht  7  rMi  lalaraala  ta  20M 

Nalatala  HI  laa  MM  dm  la  alpfti  7-pMt  laiartala  la  MM 

Pat  1  I  ap4  flaa 
Pot  I  t  tp4  f laa 
(■an I  ta  la*  lira 

{ leant  auprlt  l  ■  Ml  M4  IIM  an4  KIRI 
Bee  70  apt  itMtaant  plaai 

Pat  11  *  ap4  flaa  Inrraaaaa  IlnMtlp  (a  20M  »al*a 

Pat  12  ‘  apt  flaa  tncraMM  llaMrlp  la  MW  aalaa 

Pot  It  '  apt  I  Im 

Pot  14  F  ql  flta 

Laa  mm  4om.  aapplp.  I  ant 


1900  OH  Treat  went 
IPPI  Capital  Cm i a 
1*40  Capital  Cat  It 

1003  tkantaa  PmIIiiIm 


Ml  not  POLlllHat 
H  Capital  Coal 

W  OH  lapplp 

M  OH  Traai  Mat 

13  OH  Ptotapa 

N  Capital  Caai t 

M  OH  Ptatapa 

17  PH  lapplp 

17  OH  Tctaiatti 

>7  >t  lor  at  lew  af  dP/K 

P3  Capital  Cakti 


MW  OH  Papplp 
MW  OH  Traai aaa< 

MW  Be  I -opt 

CfPM  Paft*  kit  Part »  X 

I  tot  Capital  (tail 
1*00  OH  Oopplp 

Hti-lc  teanL-Cgi« 


Pat  aalat lap  P  I  apt  Flaa  Naif ara  i 

Pot  HIM  lop  »  1  apt  Flaa  On  1 1  ara  l 

•aFarktak  CP  «7  aapolp 
talatklH  CP  Pi  aapplp 
ItlartM  aalat  lap  11  apt  ttMtatat  p 
CP  #1.  1.  aM  I  #MPlp  oat  aalat  lap  1 


Pat  Mlotlap  I  4  apt  fl 
Pot  aalai lap  I  4  apt  II 
Bn fur*  I a*  aalat  tap  4  ap 
Pat  1  •  apt  flaa 
for  I  t  apt  )Im. 

Oapptp  oM  aalat  tap  4  a 


ItKtaaoaa  l  Inaar  I »  i 
' ar  raataa  I  Inaar  I »  t 


OB  Mlaapa  *alna 


1.772.000  (Mel 


•lna  I 


’40.  HO 

tnpplp/TVaatl 

1.024.000 


r  0  apt  Dm 
Pat  0  apt  f  Im  latrat 
Nalatala  Ua  Im  haM  4m 
Nalatala  OU  Im  haat  Oh. 
topi  ara  000  Im  haM  4m. 
hap  1  ara  OU  Im  Mat  dm 
Nalatala  OH  laa  haM  «m  In  aipki  7-poot  lat areata 
Nalatala  OU  laa . 

hat  1.3  H4  flan 


I  1  Inaar  If  fa  Me  7  .alea 


I  7-poar  latateola 


r  2.1  a 


I  flaa 


Ilia 

In  14  apt  t  raataan 

Par  111  no*  flaa. 
Par  11  1  apt  flM. 
Pat  13.2  a«4  flM. 
Par  11  1  apt  Mm 


■l«  tat  Laa*  al«at 


>  M  appIlM  anmally 


(11  CiNintit  af  awppip  ata  I  nr  ala  at  reel* 
HO  •  tat  Moat  af  tha  tall 
ua  -  Oat  uta  Pleat 

•tlNt  atkatwlaa  at  at  at .  OH  ittn  ara  Men 
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TABLE  12  CON’T 


At  ItKNAl lVt  I-A-l-c  TNGPOSED  IMPROVEMENTS  AND  COSTS 


ALTERNATIVE  I-A-2-c  PROPOSED  IMPROVEMENTS  AND  COSTS 


Oxi  U) 


Orta*  fuM 


i»«o  out  v.ppiy 

1**0  CUM  Tl  salaam 

iti)  U*it«i  cm 

1*«  UifJuo  hdlltiM 

lot  c.  <w  »o_r»« 

IHO  OtM  *uyplr 

1**0  OtM  TlMIMtil 

1**0  OtM 

IHO  OM*  tPHIHAI 

1**0  tkantun  PaclIllIM 

Cteklnt*  Par  llH'oe 
I  HQ  Capital  Cmi 

ItN  U«  Vuppl ? 

1**0  OtM  Tra# cneot 

!*•>  Otft  ltori(t 

1**0  OtM  *ufyl* 

1**0  OtM  IiMttwt 

it*o  c>ii.i  o*.i 


1**0  OtM  llBitft 

1**0  OtM  lutpty 

1**0  OtM  tlWMM 

JO 0>  Caputl  Coer 

201*  Capital  Coat 

Ml  1  OtM  rraataeof 
10 M  OtM  lupyly 
J0> 0  OtM  Treat  ear. I 

10)0  »al«a»a 

Ctaat  Part*  tit  Pori  a  *•»• 

I  HO  Capital  Coal 

1*M  OtM  tuppir 

Mvlvalaal  Know!  Coat 


11.000  Po<  aalat in%  t  *  ■* 4  ( lou  Uatfoia  «u  1**0 

i,  HO, 000  fo»  aalai  1  «•  >■>•*<  «»•*  Uellotn  to  1**0 

"0,000  Itl.illt  CP  I)  cuypky 

0  CP  II,  1.  and  )  aupply  a  at  Mltilaf  11  np*  iiae'eaei  Haat  ku  aalva pa 


1,000  P*t  aalat  In*  I  1  a*t  (lev  lacreaeaa  llanaily  to  1**0  value 

•  11.000  Po»  vial  1"4  11  a§4  fl>»»  !•< raaaaa  lleaerly  »•  1**0  valua- 

t.OOO  Pot  1  )  v*  *  loo 

09,000  Pot  t  '  a*t  flea 

0  Pupyly  a  at  aaittlkn  A  ap*  trae total  plant.  *o  “j  'U*  **!•* 


*.*>0.000  M.  t  0*1  uaatMl  plttt  tat  Ian*. 

I,  >00.000  ).*>?"  lot  t  aat  pvapln*  ilUI. 

1.000  P*t  0  *|t  I  la*  Ikimim  lloeatlr  tu  1**0  »•!»* 

0  Pet  0  apt  (lav.  Increase!  linearly  la  1**0  vole#. 

10.000  Maintain  UP  lav  kaat  4<a 
KJ  .000  Na  lata  la  IU  lav  kaat  tav 
1,000  Par  10  n*4  (lav. 

170.000  Pat  10  op*  (lav. 

1.110. 000  tap  lac  a  UK  lav  kaat  taa. 

1.1*0.000  laplaca  tu  lev  kaat  taa. 

1,1*4,000  la  pant  .apply  to  )0  a«t  (PM*  aot  UIJ. 

1*. 000. 000  laplaca  CP/KP  itaataaai  plant* 

JO. 000  Maintain  KM  lav  kaat  taa  In  al*M  l-»aat  Intervale  t»  (0*0 

10.000  Halataln  KU  lav  kaat  taa  ta  at«ki  V-year  lalatval*  to  10 10 

W.OOO  Ur  10  3  aat  (lav  lac  raaaaa  lineally  to  lOM  aalaa. 
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IMPACT  ASSESSMENT 


This  section  summarizes  the  environmental,  social,  and  economic 
impacts  associated  with  each  alternative.  The  impact  assessments  are 
sumnarized  in  matrix  form.  First,  water  supply  and  treatment  design 
condition  alternatives  are  considered.  Second,  separate  and  combined 
water  supply  and  treatment  system  alternatives  are  assessed.  Table  13 
presents  two  impact  analysis  matrices.  The  first  is  for  three  water  sup¬ 
ply  and  treatment  design  condition  alternatives: 

1.  No  action.  Interim  primary  drinking  water  standards  must  be 
met  with  this  alternative;  no  water  conservation  practices  are  included. 

2.  Proposed  advanced  drinking  water  standards  must  be  satisfied 
with  this  alternative;  no  water  conservation  practices  are  included. 

3.  Interim  primary  or  proposed  advanced  standards  plus  water 
conservation  practices. 

The  other  matrix  la  for  the  "no  action"  versus  separate  versus  combined 
water  supply  and  treatment  alternatives. 
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TABLE  13 


IMPACT  ASSESSMENT  OF  WATER  SYSTEM  DESIGN 
CONDITION  ALTERNATIVES 


No  Actlon(U 

Advanced  Standards 

With  Conservation 

Environmental 

Land 

No  af fact . 

Minimal. 

Minimal . 

Man-made  Resources 

No  af fact . 

No  affect . 

So  effect. 

Natural  Baaourcaa 

No  efface . 

Increased  chemical  4 
energy  requl r meant a . 

Decreased  consumption  use  will  increase  atreamflev. 

Decreased  chemical  and  energy  requirements  for  treatment - 

Vatar  Quality 

No  affact. 

No  effect . 

Enhanced  during  low  flow. 

Air  Quality 

No  affact. 

No  effect. 

No  effect . 

Wildlife 

No  effect ■ 

No  effect. 

No  effect. 

Hydrologic 

No  effect. 

No  effect. 

Increased  streamflov. 

Public  Haalth 

Higher  potential  for  problema. 

Greater  protection. 

No  effect . 

Social 

Nolae 

No  effect. 

No  effect . 

No  effect. 

Displacement  of  Paopla 

No  effect- 

No  effect. 

No  effect. 

Aeathet lea 

No  affact. 

No  effect. 

Decreased  due  to  changed  habits. 

CoMunlty  Cohaalon 

No  effect. 

No  effect. 

May  change. 

Community  Growth 

No  affact. 

No  effect. 

Minimal  effect. 

Hlatorlcal  &  Archaao log leal 

No  effect. 

No  effect. 

No  effect. 

Traoaportat ton 

No  effect. 

No  effect. 

No  effect. 

Institutional  Balatlonahlpa 

No  affact. 

No  effect . 

No  effect . 

Public  Acceptance 

No  change. 

Decree eed. 

Decreased . 

Economic 

Proparty  Valuaa 

No  effect. 

No  affact. 

No  effect. 

Tax  Bavaouaa 

No  effect. 

No  effect. 

No  efface. 

Public  Facllitlaa  4  Sarvlcaa 

No  effect. 

No  effect. 

No  effect . 

Bualnaaa  4  Induatrlal  Actl- 

vltiaa 

No  affect. 

May  be  impaired. 

May  be  impaired. 

Employment 

No  effect. 

May  be  Impaired. 

May  be  impaired. 

Agricultural  Land  Loat 

No  affect. 

Minimal. 

No  effect. 

Regional  Growth 

Not  conatralned. 

May  be  impaired. 

Hay  be  Impaired. 

Moe««:  (1)  Include*  che  deelgn  condition*  of  Ineerl*  Prlaer?  Drinking  Water  etenderde  and  without  water  conaervation  practicea. 


IMPACT  ASSESSMENT  OF  SEPARATE  AND  COMBINED 
SYSTEM  ALTERNATIVES 


Impact 

No  Action*1* 

Separate  Syscema 

Combined  System 

Environmental 

Land 

No  effect. 

Will  affect  shout  20  acres  of  prime  agrl- 
cultural  land  for  new  treatment  plants. 

Will  affect  about  15  acres  of  prime  agricultural 
land  for  new  treatment  plant. 

Man-made  Resources 

No  effect. 

No  effect. 

No  effect . 

Natural  Resources 

No  effect . 

Additional  consumptive  use;  possible  adverse 
effect  st  low  flow;  additional  chemicals 
required  for  treatment. 

Additional  consumptive  use;  poeelblc  adverse  effect 
at  low  flow;  additional  chemicals  required  for 
treatment . 

Water  Quality 

No  effect . 

Possible  adverse  effect  st  low  flow. 

Possible  adverse  effect  st  low  flow. 

Air  Quality 

No  effect. 

During  construction. 

During  construction. 

wildlife 

No  effect. 

No  effect . 

No  ef  f  ec  t . 

Wvdrologlc 

No  effect . 

Increased  consumption  use  reduces  river  flow. 

Increased  consumption  use  reduces  river  flow. 

SoiJaJ, 

Nolae 

No  effect . 

(hiring  construction. 

During  construction. 

Displacement  of  People 

No  effect . 

No  effect . 

No  effect . 

Aesthet Ice 

No  effect. 

May  decrease  locally  due  to  large  building. 

May  decrease  locally  due  to  large  building. 

Coaunlty  Cohesion 

May  be  Impaired. 

No  change. 

May  change. 

Co«unlty  Growth 

Impaired. 

No  constraint. 

No  constraint . 

Historical  4  Archaeological 

No  effect . 

No  known  effect . 

No  known  effect. 

Transport  at  ion 

No  effect . 

During  conatruct ton . 

(hiring  conatruct  ion. 

Institutional  Relationships 

No  effect ■ 

No  effect . 

Will  change. 

Economic 

Property  Values 

May  be  impaired. 

No  change. 

No  change. 

Tax  Revenue 

May  be  Impaired. 

May  increase. 

May  lncreaaa. 

Public  Facilities  4  Sarvlcaa 

Impaired. 

May  enhance. 

May  enhance. 

Bualnaaa  4  Industrial  Activities 

Conatralned. 

No  constraint . 

No  constraint . 

Employment 

May  not  Inc rasas. 

No  constraint . 

No  constraint. 

Agricultural  Land  Loat 

No  affact. 

About  20  acraa  of  prime  agricultural. 

About  15  acres  of  prime  agricultural 

Regional  Crovth 

Constrained. 

No  constraint. 

No  constraint. 

Note*;  (l)  Includes  continued  use 

of  existing  systems 

,  but  no  expanaiona  for  existing  water  supply  and 

treatment  systems. 

EVALUATION 


Planning  Objective  Fulfillment 

The  objective  of  the  water  supply  study  Is  to  develop  a  plan  for 
providing  an  adequate  quantity  and  quality  water  supply  to  the  urban  area. 

The  plan  should  be  cost  effective  while  recognizing  social,  environmental, 
technical,  political,  and  institutional  concerns.  All  of  the  comprehensive 
alternatives  meet  the  planning  objective  of  providing  an  adequate  quantity 
of  water.  The  "no  action"  alternative  would  not  meet  the  planning  objective 
because  water  supply  would  fall  short  of  demand. 

Economics  and  National  Economic  Development 

Table  14  summarizes  the  equivalent  annual  cost  of  the  water  supply 
and  treatment  alternatives  considered.  This  table  indicates  that  the  most 
economical  alternative  is  for  Grand  Forks  and  East  Grand  Forks  to  develop  a 
combined  water  supply  and  treatment  system  serving  both  cities  in  year  2005 
regardless  of  what  water  quality  standards  apply  or  whether  water  conserva¬ 
tion  resources  are  implemented.  As  might  be  expected,  it  would  be  less 
expensive  to  satisfy  just  the  interim  primary  drinking  water  standards; 
however,  if  the  proposed  advanced  standards  are  promulgated  and  if  monitor¬ 
ing  discloses  unacceptable  levels  of  organic  contaminants,  then  advanced 
treatment  and  its  higher  costs  are  necessary.  Water  conservation,  of  course, 
reduces  both  capital  and  operating  costs,  hence  the  equivalent  annual  costs  as 
shown  in  table  14.  However,  the  costs  for  residents  and  businesses  to 
adopt  conservation  measures  are  not  factored  into  the  costs  shown.  There¬ 
fore,  the  "with  conservation"  costs  shown  are  not  directly  comparable  to 
the  "without  conservation"  costs. 
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Source:  Stanley  Consultants,  Inc. 


National  economic  development  benefits  from  an  adequate  quantity 
and  quality  of  water  include  potential  increased  output  of  goods  and 
services  on  the  local,  regional,  State,  and  national  levels.  Witlwut 
additional  water  supply  and  treatment  facilities,  the  economic  development 
accounts  would  be  adversely  affected,  and  business  and  industrial  activi¬ 
ties,  employment,  and  regional  growth  may  be  impaired. 

Environmental  Quality 

The  environmental  quality  of  the  area  is  not  affected  greatly  by 
either  the  "no  action"  alternative  or  proposed  improvement  plans.  The 
proposed  improvements  allow  further  reduction  of  streamflow  which  may 
adversely  affect  downstream  water  quality  and  uses  during  low  flows. 
Additional  natural  resources  will  be  consumed,  including  water, 
chemicals,  and  energy;  10  to  15  acres  of  prime  agricultural  land  will  be 
removed  from  production.  Environmental  impacts  during  construction  would 
be  localized  and  temporary. 

Regional  Development 

Adequate  water  supplies  are  essential  for  continued  regional  develop¬ 
ment  and  will  attract  more  industrial,  employment,  and  economic  growth  to 
the  immediate  urban  area.  Growth  in  the  immediate  urban  area,  the  study 
area,  and  the  region  would  be  hindered  without  expanded  water  supply  and 
treatment  facilities. 

Social  Well-Being 

Sufficient  quantities  of  potable  water  are  essential  for  maintaining 
the  social  well-being  of  residents  by  enhancing  prospects  for  future 
business,  industrial,  and  employment  growth.  During  construction  activi¬ 
ties,  temporary  adverse  impacts  include  equipment  noise,  dust,  and  traffic 
congestion.  The  new  water  treatment  plant  building  might  reduce  the  aes¬ 
thetic  appeal  and  suitability  for  residential  development  of  adjacent 
lands . 


Institutional 


Continued  use  of  separate  water  supply  and  treatment  systems  will 
not  change  existing  institutional  and  management  relationships.  Combined 
water  systems  would  require  changes  in  existing  institutional  arrangements. 
A  formal  agreement  would  specify  arrangements  for  making  decisions, 
financing,  and  managing  the  system. 

Selected  Plan 


Selection  of  the  alternative  to  be  implemented  will  be  based  on  local 
reviews  and  inputs.  Based  on  the  economic  analysis,  the  selected  plan 
would  be  either  alternative  I-A-l-b,  I-A-2-b,  I-B-l-b,  or  I-B-2-b.  These 
alternatives  have  in  common  the  use  of  the  Red  River  of  the  North  and  Red 
Lake  River  as  the  raw  water  source  and  combining  the  cities'  water  treatment 
and  supply  facilities  in  year  2005.  Each  alternative  involves  a  different 
combination  of  water  quality  standards  and  water  conservation  practices. 

DROUGHT  EMERGENCY  PLAN  OF  ACTION 

General 


The  low-flow  analyses  conducted  as  part  of  the  water  supply  study 
indicated  that  the  Red  River  of  the  North  and  Red  Lake  River,  supplemented 
by  existing  in-channel  storage  provided  by  low  head  dams,  can  meet  the  urban 
area's  year  2030  projected  water  needs  during  the  design  50-year  drought 
event.  Indeed,  if  East  Grand  Forks  had  a  raw  water  intake  in  the  Red  River 
of  the  North  pool,  both  cities  could  weather  a  100-year  drought. 

However,  there  is  still  serious  local  concern  over  droughts  of  possibly  even 
greater  severity.  Therefore,  the  Corps  had  a  drought  emergency  plan  of 
action  prepared.  This  plan  could  be  implemented  when  available  sources  of 
water  supply  can  no  longer  satisfy  local  needs.  The  plan  includes: 

•  A  step-by-step  procedure  to  be  implemented  as  available  water 
supplies  dwindle. 

•  A  review  of  governmental  agencies  which  provide  assistance  during 
droughts. 
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There  are  no  alternative  surface  water  sources  that  could  be  used 
as  raw  drinking  water  sources  during  drought  emergencies.  There  are  no 
nearby  lakes  or  reservoirs;  and  duting  drought  conditions,  coulees, 
oxbows,  and  other  depressions  would  be  dry.  The  wastewater  treatment 
lagoons  might  be  a  source  of  nonpotable  water  (such  as  for  irrigation); 
but  according  to  the  Minnesota  Department  of  Health,  wastewater  reuse  as 
a  source  for  potable  water  is  not  an  acceptable  alternative  at  this  time. 

The  availability  and  acceptability  of  groundwater  sources  are  limited. 
Groundwater  which  accumulates  in  rock  quarries  and  other  excavations  could 
be  a  source  of  nonpotable  water,  say  for  livestock  and  irrigation.  The 
Grand  Forks  aquifer  located  belcrw  the  city  has  poor  water  quality  which 
would  not  be  potable  without  extensive  treatment.  The  Elk  Valley  aquifer 
and  the  Beach  Ridge  aquifers  are  potential  sources  of  relatively  good 
quality  water.  However,  the  large  number  of  wells  and  long  distances  from 
the  urban  area  would  make  these  waters  expensive.  During  severe  and  extreme 
drought  conditions,  water  from  the  Elk  Valley  aquifer  would  probably  be 
trucked  to  the  urban  area. 

With  only  limited  potential  for  alternative  sources  of  supplemental 
water  supply,  water  conservation  becomes  a  vital  part  of  the  drought 
emergency  plan  of  action.  Conservation  during  nondrought  periods  was  dis¬ 
cussed  earlier;  reductions  in  total  water  use  of  as  much  as  10  to  15  percent 
are  shown  in  table  15.  Much  greater  savings  can  be  achieved  during  severe 
droughts  as  the  public  responds  to  the  emergency.  These  emergency  measures 
can  carry  over  into  postdrought  savings  from  retrofitted  devices  and 
greater  public  and  business  awareness  of  water  conservation. 
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Table  15  -  Estimated  water  saving 


Program 

Estimated 

savings  (percent) 

Public  education  including  bill  inserts, 
newsletters,  pamphlets,  workshops,  and 
media  announcements 

1 

J. 

1/2  to  5 

Public  education  and  installation  of  water 
saving  devices  (retrofit) 

4 

to  7  1/2 

Public  education,  retrofit,  and  a  rate 
change  including  a  surcharge  for 
excess  use 

8 

Public  education,  mandatory  retrofit, 
plumbing  code  change,  lawn  irrigation 
ordinance,  and  modified  rate  structure 
with  excess  use  surcharge 

10 

to  15 

Local  governments  have  ultimate  responsibility  for  implementing  the 
drought  emergency  plan  of  action.  The  drought  action  team  which  assesses 
the  situation,  makes  recommendations,  and  implements  local  efforts  might 
include  the  city  council,  water  utility  personnel,  director  of  public 
works,  city  engineer,  chamber  of  commerce,  and  other  interested  groups. 
Emergency  services  agencies  at  local,  regional.  State,  and  Federal  levels 
can  assist  local  governments  after  all  possible  local  efforts  have  been 
undertaken.  The  drought  action  plan  includes  two  major  parts: 


•  Water  demand  reduction  plan 

•  Agency  assistance  and  responsibilities  at  local,  regional,  State, 
and  Federal  levels 

Water  Demand  Reduction  Plan 


The  key  o  surviving  a  drought  emergency  is  to  reduce  total  water  use 
(demand)  via  a  plan  staged  to  respond  to  increasingly  severe  drought  condi¬ 
tions.  The  primary  consideration  during  a  drought  emergency  is  maintenance 
of  public  health  and  well-being  of  the  general  populace;  the  basic  needs 
of  residential  users  have  priority  over  commercial,  indastrial,  and  irriga¬ 
tion  needs. 
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The  water  demand  reduction  plan  involves  five  stages.  The  first  two 
stages  invoke  basically  voluntary  measures  to  reduce  the  total  water  demand 
and  to  alert  the  public  that  drought  conditions  may  become  more  severe. 
During  more  severe  droughts,  local  governments  would  enforce  mandatory 
water  reduction  measures  provided  in  the  last  three  stages.  Policing  of 
mandatory  measures  would  be  through  public  support,  monitoring  of  water 
meters,  and  inspection  of  water-using  facilities.  A  pricing  system  that 
penalizes  excess  water  use  should  be  implemented  as  an  incentive  to  reduce 
use.  The  schedule  for  implementing  this  plan  depends  on  the  available 
quantity  of  water  as  constrained  by  river  flow,  storage  volume,  intake 
capabilities,  pumping  capacities,  and  transmission  capacities. 

The  combined  Red  River  of  the  North  and  Red  Lake  River  flows  and 
in-channel  storage  can  satisfy  urban  area  water  demands  for  droughts  up 
to  at  least  100-year  return  frequency.  Therefore,  the  water  demand 
reduction  plan  would  be  implemented  less  than  once  every  100  years  on  the 
average.  If  East  Grand  Forks  relies  only  on  Red  Lake  River  flow  and  in¬ 
channel  storage  as  its  water  source,  the  water  demand  reduction  plan 
would  have  to  be  implemented  on  the  average  once  every  50  to  60  years. 

If  the  low-head  dams  would  be  lost  and  in-  and/or  off-channel  supple¬ 
mental  storage  would  not  be  available,  streamflows  must  satisfy  maximum 
day  rather  than  average  day  demands.  Based  on  the  low-flow  frequency 
analysis,  the  water  demand  reduction  plan  would  have  to  be  implemented 
with  the  following  frequency: 


Implemented  every  "x"  years 


Stage 

Percent  water 
demand 
reduction 

Based  on 
1980  water 
demands 

Based  on 
2030  water 
demands 

A 

100 

5 

B 

10 

>200 

6 

C 

30 

>200 

16 

D 

50 

>200 

>200 

F 

70 

>200 

>200 
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If  East  Grand  Forks  relies  solely  on  Red  Lake  River  flows, 
the  water  demand  reduction  plan  would  have  to  be  implemented  with  the 
following  frequency: 


Implemented  every  "x"  years 


Stage 

Percent  water 
demand 
reduction 

Based  on 

1980  water 
demands 

Based  on 
2030  water 
demands 

A 

_ 

15  to  20 

1  to  2 

B 

10 

15  to  20 

1  to  2 

C 

30 

35 

15  to  20 

D 

50 

>200 

20 

F 

70 

>200 

200 

Clearly,  maintaining  and  replacing  the  urban  area's  low-head  dams  is 
extremely  important. 

The  five  stages  of  the  water  demand  reduction  plan  are  briefly 
summarized  in  table  16.  More  details  can  be  found  in  the  Grand  Forks 
East  Grand  Forks  Urban  Water  Resources  Study  Water  Supply  Appendix. 
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Table  16  -  Five-stage  water  demand  reduction  planv  ' _ 

Estimated  Implementation  criteria'' 

reduction  When  river  flow  and  When  water  treatment 

in  demand  supplemental  storage  or  and  supply  facilities 

(percent) _ cannot  furnish _ cannot  furnish  Steps 


Agency  Assistance  and  Responsibilities 


Local,  regional.  State,  and  Federal  agencies  can  provide  assistance 
to  the  local  governments  in  a  drought  emergency: 


•  General  information  such  as  weather  forecasts,  streamflow  data, 
and  reservoir  operation. 


•  Technical  and  financial  aid  such  as  procedures,  manpower, 
supplies,  equipment,  and  funds. 

As  water  supplies  dwindle,  local  governments  should  take  the  following 
actions: 


•  Monitor  weather  forecasts,  streamflows,  and  reservoir  operation. 

•  Implement  the  "Water  Demand  Reduction  Plan"  and  commit  all 
possible  local  resources  Including  funds,  manpower,  and  equipment. 


•  Contact  local  emergency  services  coordinators. 


•  Declare  a  drought  emergency. 

As  local  capabilities  are  exceeded,  outside  assistance  should  be  obtained. 
Assistance  should  be  requested  when  stage  C  of  the  Water  Demand  Reduction 
Plan  is  implemented.  Requests  for  technical  and  financial  aid  from  State 
and  Federal  agencies  must  be  handled  through  the  local  emergency 
services  coordinators: 


•  Grand  Forks  County  Disaster  Emergency  Services. 

•  East  Grand  Forks  and  Polk  County  Emergency  Services. 

Figure  26  indicates  the  agency  (and  person,  when  available)  that  should 
be  contacted. 
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FIGURE  26 

Drought  Action  Organization  Chart 


WASTEWATER 


GENERAL 

Pollutant  sources  were  divided  into  two  categories: 

•  Major  point  sources  -  wastewater  treatment  facilities, 

•  Intermittent  point  and  nonpoint  sources  -  storm  sewers,  combined 
sewers,  overland  urban  runoff. 

The  stage  2  studies  addressed  both  categories.  Most  questions  regarding 
major  point  sources  were  resolved,  including  the  most  cost-effective  means 
of  providing  various  degrees  of  treatment  that  might  be  required  in  the 
future,  environmental  and  social  impacts,  and  implementation  and  manage¬ 
ment  consequences.  Community  planning  efforts  seemed  properly  focused 
on  effective  future  improvements  of  their  facilities;  it  was  concluded, 
therefore,  that  further  studies  of  major  point  sources  in  stage  3  were  not 
necessary. 

The  stage  2  studies  of  intermittent  point  and  nonpoint  sources  con¬ 
cluded  that  separation  of  Grand  Forks  combined  sewers  was  the  most  cost- 
effective  structural  alternative;  the  cost  effectiveness  of  certain  non- 
structural  alternatives  was  also  favorable.  It  was  recommended,  however, 
that  more  detailed  investigations  be  conducted  in  stage  3.  The  city  of 
Grand  Forks  requested  that  the  Environmental  Protection  Agency  accept 
the  stage  2  report  In  fulfillment  of  the  step  1  requirements  of  its 
Construction  Grants  Program,  a  step  toward  Federal  financial  assistance 
for  the  city,  which  had  already  begun  a  combined  sewer  separation  project. 

The  Environmental  Protection  Agency  ruled,  however,  that  further  studies 
be  made  to  reaffirm  the  cost  effectiveness  of  combined  sewer  separation 
using  local,  rather  than  generalized,  costs.  Thus,  stage  3  studies 
focused  on  the  combined  sewer  overflow  problem. 
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The  final  stage  3  report  was  prepared  in  accordance  with  the  EPA’s 
step  1  requirements  as  set  forth  in  a  Memorandum  of  Understanding  between 
the  agency,  Corps,  North  Dakota  State  Department  of  Health,  and  city  of 
Grand  Forks.  The  draft  stage  3  report  (prepared  by  a  consulting  firm  under 
contract  to  the  St.  Paul  District)  was  submitted  to  the  EPA  in  November  1979 
and  was  accepted  by  the  EPA  and  State  Department  of  Health.  As  of  this 
writing,  the  city  has  received  step  2  funds  and  has  a  consulting  firm  pre¬ 
paring  plans  and  specifications.  Available  step  3  funds  for  construction 
appear  adequate  for  about  half  the  entire  sewer  separation  project;  prospects 
for  additional  money  to  finish  the  project  are  uncertain  at  this  time  be¬ 
cause  of  Federal  budget  constraints. 

PROBLEMS  -  ISSUES  -  NEEDS  -  CONCERNS 

In  stage  2,  the  following  wastewater-related  problems,  issues,  needs,  and 
concerns  in  the  study  area  were  identified  and  divided  into  two  general 
categories  -  resource  water  quality  problems  and  wastewater  treatment  problems; 

•  Major  surface  water  quality  problems  for  the  Red  and  Red  Lake 
Rivers  include  high  turbidity,  high  fecal  coliform  count,  and  low  dissolved 
oxygen  levels  following  rain fall- runoff  events  and  during  winter  ice  cover. 

•  Many  physical  and  chemical  water  quality  standards  cannot  be 
met  in  the  rivers  as  a  result  of  upstream  point  discharges,  nonpoint 
discharges,  and  natural  runoff  water  quality  levels.  At  high  river  flows, 
water  quality  problems  may  result  from  nonpoint  sources.  At  low  flows, 
water  quality  problems  may  result  from  point  discharges.  The  study  area 
contributes  point  and  nonpoint  organic  loads  via  combined  sewer  overflows, 
wastewater  treatment  plant  discharges,  and  urban  nonpoint  runoff.  Remov¬ 
ing  or  reducing  these  organic  loads  would  enhance  dissolved  oxygen  levels 


within  the  study  area.  However,  since  upstream  point  and  nonpoint  sources 
control  overall  water  quality  of  the  two  rivers,  little  can  be  done  within 
the  study  area  to  significantly  improve  their  overall  water  quality. 

•  During  dry  weather  operation.  Grand  Forks  combined  sewers 
carry  sanitary  wastes  to  lift  stations  and  thence  to  the  city's  treatment 
facility.  During  rainfall-  or  snowmelt-runoff  events,  the  combined  sewers 
carry  runoff  as  well  as  sanitary  wastes.  If  these  flows  exceed  the  capacity 
of  the  combined  sewer  system,  untreated  sanitary  wastes  are  discharged 

into  Grand  Forks  water  supply  pool  behind  the  low-head  dam  on  the  Red 
River  of  the  North.  The  overloaded  combined  sewers  can  also  cause  backup 
of  untreated  wastes  into  basements  hooked  into  the  combined  system.  These 
problems  pose  serious  public  health  threats. 

•  Quality  of  some  groundwater  sources  is  affected  by  high  concentra¬ 
tions  of  wastewater  from  septic  tanks/drainfields  in  soils  that  are  not 
easily  drained. 

•  Existing  wastewater  treatment  facilities  in  the  study  area  do  not 
meet  State  design  criteria  even  though  effluents  from  the  facilities  meet 
current  effluent  standards: 

1.  Grand  Forks  -  Facility  does  not  meet  liquid  retention  time  or 
organic  loading  criteria.  Present  plans  provide  for  expansion  to  meet  needs 
through  1990. 

2.  East  Grand  Forks  -  Existing  lagoons  do  not  meet  three-cell 
series  design  criteria.  System  could  be  organically  overloaded  by  1995. 

3.  Grand  Forks  Air  Force  Base  -  Existing  facilities  are  marginally 
hydraulically  overloaded;  however,  facilities  are  not  expected  to  need 
expansion. 

4.  Thompson  -  Present  facilities  are  organically  and  hydrauli¬ 
cally  overloaded,  but  a  Section  201  Facilities  Plan  is  being  prepared  to 
address  this  deficiency. 


5.  Manvel  -  The  lagoon  system  does  not  meet  three-cell  design 
criteria,  but  appears  to  be  adequate  to  meet  future  growth  needs  of  this 
community. 


6.  Emerado  -  The  city  lagoons  are  hydraulically  overloaded  and  do 
not  meet  the  State's  three-cell  design  criteria. 

7.  New  subdivisions  south  and  west  of  Grand  Forks  -  These 

areas  are  served  with  individual  septic  tank/drainfield  systems  that  have 
overloaded  the  capacity  of  the  soil  in  some  areas. 

•  Both  Grand  Forks  and  East  Grand  Forks  have  the  following  concerns: 

1.  Are  there  economic  and  management  advantages  to  regional 
wastewater  treatment? 

2.  Are  there  economic,  social,  and  environmental  advantages  to 
continuing  the  lagoon  method  of  treatment? 

3.  Are  there  ways  to  reduce  odor  problems  from  lagoons? 

4.  What  alternative  methods  of  wastewater  treatment  are  viable 

in  meeting  the  Public  Law  92-500  1983  (best  practical  treatment)  and  1985 
(zero  discharge)  goals? 

5.  What  alternative  methods  and  growth  management  options  are 
available  to  provide  wastewater  treatment  for  urban  fringe  areas? 

6.  What  are  the  water  quality  characteristics  of  urban  runoff 
from  the  study  area?  How  can  urban  runoff  loads  be  reduced  to  prevent 
possible  water  quality  problems? 

7.  Are  there  advantages  to  using  wastewater  as  a  water  supply 

source? 
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FORMULATION  OF  ALTERNATIVES 


Stage  2's  selection  and  screening  of  alternatives  involved  identifying 
myriad  alternatives  and  reducing  them  to  a  few  viable  ones.  Initial  screening 
was  made  by  determining  for  each  alternative  the  economic  consequences, 
resource  consul  tments,  and  environmental  impacts.  The  effects  of  point  and 
nonpoint  sources  on  the  study  area's  surface  water  quality  were  estimated 
by  mass  balance  and  dissolved  oxygen  evaluations. 

Major  Point  Source  Alternatives 


Major  point  source  wastewater  treatment  alternatives  consisted  of  a 
combination  of  treatment  facilities  and  transmission  lines  serving  one  or 
more  service  areas.  Facilities  would  be  expanded  at  appropriate  times  to 
meet  projected  future  increased  wastewater  loads. 

The  following  types  of  treatment  were  considered: 

•  Biological  lagoons. 

•  Activated  sludge. 

•  Land  treatment 

Four  levels  of  treatment  were  analyzed: 

•  Level  I  treatment  would  maintain  the  existing  level  of  treatment. 
Treatment  facilities  would  be  increased  in  capacity  to  meet  increased  waste- 
water  flows  with  no  change  in  effluent  quality. 

•  Level  II  treatment  would  be  secondary  treatment  defined  by  both 
States  as  an  effluent  quality  of  25  mg/1  BOD^  and  30  mg/1  TSS.  Disinfection 
might  be  required  depending  on  specific  water  quality  standards  and  public 
health  needs. 


136 


•  Level  III  treatment  would  be  additional  treatment  to  meet 
effluent  criteria  of  10  mg/1  BOD^  and  10  mg/1  TSS.  If  there  were  dis¬ 
solved  oxygen  problems,  nitrification  would  be  considered. 

•  Level  IV  treatment  would  allow  for  essentially  no  discharge  of 
critical  pollutants.  The  effluent  limitations  for  this  level  of  treatment 
(as  developed  by  the  Corps  of  Engineers)  include  5  mg/1  BOD^,  5  mg/1  TSS, 

8  mg/1  total  nitrogen,  0.5  mg/1  amnonia  nitrogen,  4  mg/1  total  nitrite- 
and  nitrate-nitrogen,  0.1  mg/1  total  phosphorus,  and  5  mg/1  dissolved 
oxygen.  This  is  extremely  high  effluent  quality  and  is  probably  the 

upper  limit  that  can  be  achieved  by  existing,  practical  wastewater  treatment 
technology. 

The  types  of  treatment  selected  to  meet  each  level  are  shown  on  figure 
27.  Level  IV's  two  activated  sludge  processes  and  subsequent  clarification, 
denitrification,  filtration,  and  postaeration  steps  constitute  alternative 
"mechanical  treatment"  systems. 
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FIGURE  27  -  Liquid  Waste  Treatment  Schematics 


There  are  nine  major  point  sources  of  wastewater  in  the  study  area: 
American  Crystal  Sugar,  International  Co-op,  Pillsbury,  East  Grand  Forks 
municipal  and  other  industrial,  Grand  Forks  municipal  and  other  industrial, 
Thompson,  Manvel,  Emerado,  and  the  Grand  Forks  Air  Force  Base.  Currently 
there  are  seven  treatment  facilities  (all  stabilization  ponds)  and  two 
pretreatment  facilities  to  treat  these  waste  sources.  Current  plans  are 
to  expand  the  Grand  Forks  lagoons  and  increase  industrial  pretreatment 
and  reduce  water  use  at  International  Co-op.  Professional  judgment  and 
knowledge  of  existing  situations  in  the  area  were  used  to  screen  out 
impractical  wastewater  management  alternatives.  Assumptions  included: 

•  Major  industries  in  Grand  Forks  would  continue  to  use  the 
municipal  treatment  system. 

0  American  Crystal  Sugar  would  not  use  the  East  Grand  Forks 
municipal  system. 

•  The  city  of  Grand  Forks  immediate  needs  for  improvement  include 
pretreatment  improvements,  lagoon  expansion,  and  outfall  modification. 

The  following  structural  alternatives  are  shown  in  tables  17  and  18, 
which  identify  the  improvements  needed  and  estimated  costs  for  each  level 
of  treatment  for  each  major  discharge.  Wastewater  options  are  shown 
on  figure  28. 


139 


Table  IS  -  Equivalent  annual  costs  of  wastewater  treatment  alternatives  , 


Treatment 

level 

Community/ system 

I 

II 

III 

IV 

Thompson 

Separate 

$77,000. 
152, 000K  J 

$77,000.  . 
152,000''  ; 

$88,000.  . 
152,000''  ; 

$139,000 

Regional 

152,000 

Manvel 

Separate 

25,000.  . 
80,000v  1 

25,000.. 
80,000^  ’ 

28,000... 

80,000U; 

48,000 

Regional 

80,000 

Emerado  -  Air  Force  Base 
Separate 

171,000 

171,000 

218,000 

424,000 

Joint  facilities 

174,000 

174,000 

215,000 

398,000 

Joint  management  of 
separate  facilities 

154,000. 
378,000v  ' 

154,000.  . 
378, 000 '  ' 

201,000, 
378,000^  ’ 

406,000( 

Regional 

378, 0001 

Grand  Forks-East  Grand 
Forks-American  Crystal 
Sugar 

Grand  Forks  separate 
lagoon 

1,087,000 

1,087,000 

1,308,000 

2,106,000 

East  Grand  Forks 
separate  lagoon 

205,000 

205,000 

230,000 

596,000 

American  Crystal 

Sugar  separate  lagoon 

115,000 

115,000 

326.000 

326,000 

Total  separate  systems 

1,407,000 

1,407,000 

1,914,000 

3,028,000 

Grand  Forks-East 

Grand  Forks  joint 
lagoon  and  American 
Crystal  Sugar  separate 
lagoon 

1,731,000 

1,731,000 

2,230,000 

3,275,000 

East  Grand  Forks- 
American  Crystal  Sugar 
joint  lagoon  and  Grand 
Forks  separate  lagoon 

1,561,000 

1,561,000 

1,972,000 

3,340,000 

Grand  Forks-East  Grand 
Forks-American  Crystal 
Sugar  joint  lagoon 

1,784,000 

1,784,000 

2,182,000 

3,258,000 

Grand  Forks-East  Grand 
Forks  joint  mechanical 
and  American  Crystal 
Sugar  separate  lagoon 

1,828,0001 2 (3) 

2,358,000(3) 

3,828,000 

Least  total  cost  for 

1,663,000 

1,663,000 

2,231,000 

3,621,000 

study  area 


(1)  Does  not  Include  cost  of  treatment  at  regional  facility. 

(2)  Includes  cost  of  interceptor  and  pumping  station;  does  not  include  cost 
of  treatment  at  regional  facility. 

(3)  Does  not  include  nitrification  to  mechanical  plant,  which  would  add 
about  $134,000  in  equivalent  annual  costs. 


141 


FIGURE  28  -  WASTEWATER  TREATMENT  ALTERNATIVES 


1.  Thompson  -  Projected  wastewater  flows  are  expected  to  increase 
from  0.05  mgd  at  present  to  0.24  mgd  in  2030.  Alternatives  include  con¬ 
tinuing  separate  treatment  or  entering  into  a  regional  system.  The 
regional  alternative  would  require  construction  of  12  miles  of  12-inch 
interceptor  force  main  and  a  700-gpm,  150-foot  head  pumping  station. 

The  average  annual  cost  of  the  regional  alternative  is  estimated  at  $152,000 
(not  including  treatment  costs  at  a  regional  facility),  which  table  18 
shows  is  higher  than  for  any  level  of  treatment  at  a  separate  facility. 

2.  Manvel  -  The  population  and  wastewater  flow  are  expected  to  be 
stable.  The  community  could  upgrade  its  separate  lagoon  system  to  meet 
whatever  level  of  treatment  was  required  or  join  a  regional  facility.  A 
regional  facility  would  require  10  miles  of  4-inch  interceptor  force  main 
and  a  150-gpm,  300-foot  head  pumping  station  at  an  estimated  annual  cost 

of  $80,000,  much  higher  than  any  level  of  treatment  at  a  separate  facility. 

3.  Emerado-Air  Force  Base  -  Because  of  the  proximity  of  Emerado 
and  the  Grand  Forks  Air  Force  Base,  four  alternatives  were  considered: 
separate  facilities  with  and  without  joint  management,  joint  facilities, 
and  regional  facilities.  Wastewater  flows  from  Emerado  are  expected  to 
increase  from  0.09  mgd  to  0.20  mgd  in  2030;  Air  Force  base  wastewater 
flows  are  expected  to  remain  constant  at  1.13  mgd.  Joint  facilities  would 
require  2  miles  of  12-inch  interceptor  force  main,  a  700-gpm,  50-foot 
head  pump  station,  and  expansion  of  a  lagoon  system  to  meet  State  design 
criteria.  Joint  management  of  separate  facilities  is  estimated  to  save  only 
half  what  operating  a  joint  facility  would  save,  but  dispenses  with 

the  need  for  a  connecting  pipeline.  Connecting  Emerado  and  the  Air  Force 
base  to  a  regional  system  with  Grand  Forks-East  Grand  Forks  would  require 
12  miles  of  20-inch  interceptor  sewer  and  a  pumping  station.  Table  18 
shows  estimated  costs  for  joint  management  of  separate  facilities  are  less 
than  for  the  separate  and  joint  facility  alternatives  for  treatment  levels 
1,  IT,  and  III.  Regional  treatment  appears  to  be  economically  competitive 
if  level  IV  treatment  is  required,  but  the  costs  of  treatment  at  the 
regional  facility  were  not  included.  It  should  also  be  noted  that  Emerado 
opposes  joint  treatment.  Therefore,  in  table  18,  the  least  total  cost  for 
the  study  area  assumes  separate  facilities  with  joint  management. 
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4. 


Grand  Forks-East  Grand  For ks-Amer lean  Crystal  Sugar  -  The  preceding 
paragraphs  show  that  a  regional  system  would  not  be  cost  effective.  There¬ 
fore,  the  alternatives  considered  for  Grand  Forks  and  East  Grand  Forks 
were  restricted  to  separate  lagoon  systems,  joint  mechanical  treatment  for 
Grand  Forks  and  East  Grand  Forks  (American  Crystal  Sugar  not  included 
because  lagoons  are  more  cost  effective  in  handling  its  highly  seasonal 
flow),  and  joint  lagoons.  The  separate  and  joint  lagoon  alternatives  can 
meet  treatment  levels  I  and  II,  with  multimedia  filters  added  for  level  III 
and  land  application  for  level  IV.  Presently,  970  acres  of  land  are  used 
for  lagoons;  this  figure  is  projected  to  increase  to  2,300  acres  by  2030. 

An  additional  6,000  acres  would  be  needed  if  land  application  is  required. 

The  joint  mechanical  alternative  assumes  immediate  conversion  to  mechanical 
treatment  using  the  activated  sludge  process.  Nitrification  could  be 
added  if  needed  to  reduce  effluent  concentrations  of  ammonia. 

Nonstructural  alternatives  such  as  the  following  were  suggested  to  reduce 
major  point  source  wastewater  flow  and  loads. 

1.  Restrict  use  of  garbage  disposals  and  phosphate  detergents. 

2.  Encourage  water  conservation  by  changing  plumbing  codes  to 
require  use  of  water-saving  devices  in  new  construction,  metering  water 
and  charging  for  actual  use,  and  retrofitting  water-saving  devices  rang¬ 
ing  from  simple  faucet  aerators  to  recycling  of  wastewater  in  the  home. 

3.  Reduce  infiltration/inflow  in  collection  systems. 

Intermittent  Point  Source  and  Nonpoint  Source  Alternatives 

Additional  wastewater  load  reductions  to  receiving  streams  in  the 
study  area  could  be  accomplished  by  reducing  the  loads  from  intermittent 
point  sources  such  as  storm  sewers,  combined  sewers,  and  overland  urban 
runoff.  Approximately  8.4  square  miles  of  developed  area  in  Grand  Forks 
and  East  Grand  Forks  is  drained  by  these  sources.  This  runoff,  at  times, 
can  be  as  polluted  as  untreated  municipal  wastewater. 


The  North  Dakota  State  Department  of  Health  and  the  Environmental 
Protection  Agency  focused  on  Grand  Forks'  combined  sewer  overflows  as 
the  most  critical  problem  area. 

As  discussed  earlier,  stage  2  studies  included  a  preliminary  cost 
and  effectiveness  screening  of  urban  runoff  control  alternatives.  The 
report  concluded  that  sewer  separation  was  the  most  cost-effective  alter¬ 
native.  Grand  Forks  requested  that  the  Environmental  Protection  Agency 
accept  the  stage  2  report  as  fulfilling  the  Construction  Grants  Program 
step  1  requirements.  The  agency,  however,  required  additional  economic 
evaluations  relative  to  other  alternatives  using  up-to-date,  local  cost 
data.  These  follow-up  studies  were  conducted  in  stage  3  and  are  the 
subject  of  the  following  discussion,  which  summarizes  the  findings  of 
a  raport  Prepared  by  a  consulting  firm  under  contract  to  the  St.  Taul 
District. 

Approximately  850  acres  of  the  city  (figure  29)  is  served  by  a 
combined  sewer  system  which  collects  both  sanitary  waste  and  stormwater 
drainage.  During  dry  weather  or  small  runoff  events,  the  flow  in  the 
combined  sewers  is  pumped  through  a  main  interceptor  to  the  wastewater 
treatment  lagoons.  During  larger  runoff  events,  pump  station  capacities 
are  exceeded,  and  combined  sewer  overflows  discharge  directly  into  the 
Red  River. 

These  pollutants  could  be  adversely  affecting  the  river  ecology  and 
various  uses,  such  as  recreation,  for  which  the  river  environment  might 
otherwise  be  available.  The  extent  of  these  impacts  cannot  be  quantified 
at  this  time  primarily  because  the  lack  of  reliable  field  data  in  the 
Grand  Forks  area  makes  water  quality  modeling  impracticable.  Similarly, 
benefits  from  alternatives  that  reduce  the  quantity  of  pollutants  discharged 
into  the  river  cannot  be  quantified. 

An  undesirable  public  health  hazard  exists  because  combined  sewer 
outfalls  discharge  directly  into  the  city's  water  supply  pool  formed  by 
a  low-head  dam  located  in  Riverside  Park.  These  overflows  introduce 
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fecal  coliforms  (an  indicator  of  possible  pathogenic  organisms  associated 
with  fecal  waste),  turbidity,  grease  and  oils,  and  various  chemicals  and 
heavy  metals  into  the  community's  drinking  water  source.  Furthermore, 
combined  sewer  backup  floods  basements  with  this  same  polluted  flow, 
presenting  another  public  health  risk  for  those  who  may  contact  the  un¬ 
treated  wastes. 

The  city  has  already  initiated  a  phased  program  to  separate  its  com¬ 
bined  sewers  (  figure  30).  The  first  phase  of  this  program,  involving  service 
areas  3  and  4  on  figure  29,  is  close  to  completion.  Therefore,  these  two 
service  areas  have  been  excluded  from  further  consideration  in  this  study. 

The  existing  capacities  near  the  overflow  structure  of  each  of  the  four 
combined  sewer  service  areas  being  studied  are  shown  in  table  19.  The 
capacities  are  shown  in  cfs  and  the  equivalent  storm  event  (in  terms  of 
average  return  period)  that  the  system  could  handle.  Events  exceeding 
those  listed  cause  local  flooding. 


Table  19  -  Combined  sewer  capacities 


Service 

area 

Pipe 

diameter 

(inches) 

Capacity 

(cfs) 

Allowable  storm 

recurrence 
interval  (years) 

1 

48 

69 

5 

2 

58  x  75 

130 

1 

5  to  valve 

24 

10 

0.5 

5  to  lift 

station  No. 

2  48 

65 

0.5 

8 


The  existing  capacities  of  the  lift  stations  limit  the  volume  of 
flow  pumped  to  the  wastewater  treatment  facilities.  Table  20  shews, 
for  each  service  area,  the  lift  station's  total  capacity,  the  calculated 
sanitary  sewage  flow,  and  the  resulting  allowable  storm  runoff  and 
rainfall  intensity  that  can  be  handled  by  the  lift  stations.  Clearly, 
a  very  small  rainfall  event  will  cause  overflows;  very  little  storm 
runoff  from  the  combined  area  is  pumped  to  the  wastewater  treatment 
facilities.  Nearly  all  runoff  from  the  20-inch  mean  annual  precipitation, 
therefore,  is  discharged  into  the  river  as  combined  sewer  overflows. 


Table  20  - 

Combined  sewer 

lift  station 

capacities 

Service 

area 

Lift 

station 

number 

Lift 

station 

capacity 

(cfs) 

Calculated 

sanitary 

sewage 

flow 

(cfs) 

Allow 

storm 

runoff 

flow 

before 

overflow 

(cfs) 

Rainfall 
intensity 
that  will 
cause 

overflow 
(inches 
per  hour) 

i 

4 

0.27 

0.22 

0.05 

<0.1 

2 

5 

4.04 

2.81 

1.19 

<0.1 

5 

2 

0.45 

0.06 

0.39 

<0.1 

6 

1 

1.45 

0.67 

0.78 

<0.1 

The  quantity  of  pollutants  discharged  into  the  Red  River  via  combined 
sewer  overflow  was  computed  using  Environmental  Protection  Agency  figures 
for  typical  concentration  values  (table  21)  and  the  calculated  average 
annual  runoff  of  277  million  gallons  per  year  from  the  combined  sewer 
area.  Table  21  also  shows  the  results  of  a  sample  taken  at  one  of  the 
Grand  Forks  combined  sewer  outfalls  during  a  storm  runoff  event. 


Because  the  combined  sewer  area  is  already  largely  developed,  little 
change  in  land  uses  and  population  is  expected;  hence,  future  wastewater 
and  runoff  flows  and  pollutant  loads  will  probably  remain  similar  to 
existing  levels. 

A  preliminary  screening  of  alternative  solutions  to  the  combined 
sewer  overflow  problem  eliminated  those  which  clearly  were  impractical 
due  to  operational  difficulties,  environmental  unacceptability,  or 
excessively  high  cost.  The  eliminated  alternatives  included: 

•  Flow  Reduction  -  This  alternative  does  not  include  constructing 
separate  storm  or  sanitary  sewers,  which  are  considered  as  a  separate 
alternative.  Without  significant  changes  in  land  use,  a  significant 
drop  in  sanitary  flow  or  characteristics  is  unlikely  under  normal  cir¬ 
cumstances.  (Such  a  drop  might  be  experienced  during  a  drought, 

when  water  demands  and,  hence,  sewer  loads  would  be  reduced  voluntarily 
or  compu  .->>rily.)  Any  sanitary  flow  reduction  would  have  little  impact 
on  the  quantity  of  combined  sewer  discharge;  however,  the  quality  of  this 
discharge  migh.  be  less  degraded.  Reductions  in  storm  runoff  entering 
the  combined  sewer  system  could  not  be  accomplished  without  increasing 
overland  runoff,  an  impractical  alternative  for  this  highly  developed, 
relatively  flat  area. 

•  Combined  Relief  Sewers  -  This  alternative  would  reduce  flooding, 
but  continue  to  discharge  untreated  wastes  into  the  Red  River  of  the  North. 
It  constitutes  a  high  cost,  limited  benefit  alternative. 

•  In-System  Storage  -  The  existing  system  has  insufficient  capacity 
to  store  any  significant  runoff. 


•  Treatment  in  Existing  Wastewater  Treatment  Plant  -  This  alternative 
would  involve  temporary  storage  of  the  entire  overflow  volume  and  pumping 

of  this  volume  to  the  city’s  wastewater  lagoon  system  after  the  storm  is 
over.  This  alternative  would  require  not  only  extremely  large  storage 
facilities,  but  also  larger  lagoons  to  provide  180-day  detention.  The 
costs  for  this  alternative  would  be  prohibitive  compared  to  or her  solutions. 

•  Filtration  or  Sedimentation  Without  Attenuating  Peak  Flow  Rates  - 
Facilities  capable  of  handling  peak  flow  rates  would  be  prohibitively  ex¬ 
pensive.  Temporary  storage  sufficient  to  reduce  treatment  rates  (but  not 
so  large  as  to  store  the  entire  volume  of  runoff  per  the  above  alternative) 
was  incorporated  in  several  alternatives  evaluated  in  more  detail. 

The  following  alternatives  were  evaluated  in  more  detail.  The  first 
four  are  alternative  combined  sewer  separation  schemes. 

«  Alternative  1:  new  sanitary  sewer  system  -  This  alternative  would 
retain  the  existing  combined  system  as  a  storm  sewer  system.  The  sanitary 
wastes  would  be  pumped  through  the  existing  pumping  stations  and  main  inter¬ 
ceptor  to  the  wastewater  treatment  facilities.  The  new  sanitary  sewer 
lines  (figure  31)  were  sized  to  handle  flow  rates  based  on  domestic  flows 
of  80  gpcd  and  infiltration  rates  of  10,000  gpd  per  mile  of  sewer.  A  peak¬ 
ing  factor  varying  inversely  with  size  of  population  was  applied  to  estimate 
peak  flow  rates. 

»  Alternative  2:  new  storm  sewer  system  -  This  alternative  would  retain 
the  existing  combined  system  as  a  sanitary  sewer  system.  The  new  storm  sewer 
lines  (figure  32)  were  sized  to  handle  a  10-year  storm's  peak  flow  rates 
computed  using  the  Rational  Formula. 

•  Alternative  3:  partially  new  storm  and  sanitary  systems  -  This 
alternative  would  use  portions  of  the  existing  combined  system  where  appropriate 
to  reduce  the  costs  of  providing  new  storm  and/or  sanitary  sewer  lines. 
Generally,  because  larger  lines  are  needed  for  a  new  storm  sewer,  it  is 

better  to  convert  existing  combined  sewers  to  storm  sewers.  In  Service  Area  1, 
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this  was  true;  therefore,  this  alternative  was  identical  to  the  new  sani¬ 
tary  sewer  alternative.  However,  in  Service  Areas  2,  5,  and  6,  some  of 
the  combined  sewer  lines  were  extremely  undersized.  In  those  cases,  new 
storm  sewer  lines  were  proposed;  the  undersized  combined  lines  were 
generally  retained  instead  as  part  of  the  sanitary  sewer  system.  These 
plans  increased  the  service  areas'  storm  drainage  capacities  as  shown 
in  table  22;  the  resulting  storm  and  sanitary  systems  are  shown  on  figure  33. 

Table  22  -  Storm  drainage  improvements  with  partially  new 

_ storm  sewer  system 

Allowable  storm  recurrence  interval  (years) 

Service  Proposed  partially  new 

area _ Existing  combined  system  storm  sewer  system 

15  5 

2  1  3 

5  <  0.5  10 

6  <  0.5  10 


•  Alternative  4:  new  sanitary  and  storm  sewer  systems  -  This 
alternative  would  totally  abandon  the  existing  combined  sewers  and  construct 
new  separate  sanitary  and  storm  systems.  Development  of  this  alternative 
essentially  followed  the  procedures  in  the  new  sanitary  sewer  system 
and  new  storm  sewer  system  alternatives,  except  for  the  abandonment  of 
the  existing  system. 


•  Alternatives  5  and  6:  high-rate  filtration  -  These  alternatives 
would  use  temporary  storage  to  attenuate  peak,  overflow  rates.  The  tempo¬ 
rarily  stored  combined  sewer  overflow  would  be  pumped  at  a  constant,  reduced 
flow  rate  through  the  filtration  system  (as  shown  in  the  schematic  in 
figure  34)  where  dual  media  filters  and,  possibly,  polyelectrolytes  and 
coagulants  would  remove  suspended  solids,  BOD,  COD,  and  phbsphorus. 
Chlorination  would  reduce  coliform  counts  before  discharging  the  water  into 
the  Red  River.  Two  options  would  be  available:  treating  the  overflows  at 
each  of  the  service  area  overflows  (alternative  5,  figure  35)  or  pumping 
all  the  overflows  to  one  site  for  treatment  (alternative  6,  figure  36). 
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•  Alternatives  7  and  8:  sedimentation  -  These  alternatives  would  use 
the  temporary  storage  facilities  as  sedimentation  basins,  with  chlorination 
just  before  discharge  into  the  river  (figure  37).  Like  the  filtration 
alternative,  there  would  be  two  options:  collect  the  overflows  individually 
at  each  service  area  and  treat  by  sedimentation  (alternative  7,  figure  35) 

or  pump  all  overflows  to  one  site  for  sedimentation  treatment  (alternative 
8,  figure  36). 

•  Alternative  9:  swirl  concentrators  -  The  alternative  that  was 
evaluated  consisted  of  a  swirl  concentrator  fed  by  a  pump  at  each  combined 
sewer  overflow  (figure  38).  Pumping  would  be  needed  to  deal  with  two 
difficulties  related  to  Grand  Forks'  flat  topography,  present  sewer  system, 
and  flood  conditions.  First,  EPA  provisions  call  for  full  operational 
capability  during  floods  with  no  less  than  a  10-year  return  period.  And, 
second,  without  pumping,  the  head  losses  through  the  swirl  concentrators 
would  aggravate  basement  backups  and  street  flooding  from  the  combined 
sewers.  Chlorination  would  be  used  to  disinfect  the  water  before  discharge 
into  the  river.  These  facilities  were  sized  to  handle  peak  overflow  rates; 
therefore,  costs  directly  depended  on  the  selected  design  shown.  After 
careful  analyses,  the  0.25-year  storm  was  selected  as  the  design  event 
providing  the  best  balance  between  system  costs  and  system  performance. 
Although  this  design  would  allow  an  average  of  four  overflow  events  per 
year  to  discharge  untreated  wastes  into  the  Red  River,  about  93  percent  of 
the  total  combined  sewer  flow  would  be  treated.  Underflow  from  the  swirl 
concentrators  (consisting  of  the  removed  solids  and  3  to  10  percent  of 

the  inflow  volume)  would  exceed  the  capacity  of  the  existing  pumping 
stations.  Therefore,  the  underflow  would  be  stored  and  slowly  pumped 
to  the  wastewater  treatment  lagoon  after  the  storm. 
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FIGURE  38  -  Swirl  Concentrator  Schematic 


•  Alternative  10:  relocate  water  intakes  -  Figure  39  shows  the  present 
location  of  the  city's  three  water  intakes  in  relation  to  the  combined  sewer 
outfalls.  With  the  exception  of  the  intake  located  upstream  of  the  low-head 
dam  on  the  Red  Lake  River,  the  city's  raw  water  intakes  are  situated  where 
untreated  water  from  combined  sewer  overflows  couJ  '  affect  the  quality  of 
the  raw  water  being  pumped  to  the  water  treatment  plant. 

Because  of  the  flat  slope  of  the  Red  River  of  the  North,  the  pool 
formed  by  the  Riverside  Park  low-head  dam  extends  over  35  miles  upstream 
from  the  dam.  The  cost  of  constructing  and  operating  a  raw  water  line 
to  an  intake  upstream  of  the  present  pool  would  be  extremely  high.  Also, 
the  loss  of  the  in-channel  storage  provided  by  the  pool  would  reduce  the 
reliability  of  the  city's  water  supply  during  droughts.  The  Red  Lake 
River  pool  would  be  too  small  to  meet  the  demands  of  both  Grand  Forks  and 
East  Grand  Forks  during  a  serious  drought.  The  alternative  evaluated 
in  this  study  would  locate  the  intakes  about  2  miles  upstream  of  any  com¬ 
bined  sewer  outfall.  This  alternative  would  retain  the  advantages  of  the 
pool,  but  reduce  the  probability  ot  Ingesting  pollutants  into  the  water 
supply  system.  However,  this  alternative  only  addresses  one  of  the  adverse 
impacts  of  the  combined  sewer  overflows  -  it  does  not  solve  the  basic 

problem  itself  and  leaves  other  impacts  unchanged. 


GRAND  FORKS 


EAST  GRAND  FORKS 
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•  Alternative  11:  collection  system  and  source  management  - 
Because  of  its  limited  impact  if  implemented  alone,  this  alternative  would 
be  considered  for  use  in  conjunction  with  one  or  more  of  the  other 
alternatives.  Collection  system  management  includes  adjustment  of 
control  structures,  such  as  overflow  weirs  or  pumping  stations.  Grand 
Forks'  combined  sewer  system,  with  simple  overflow  weirs  and  undersized 
pumping  stations,  does  not  readily  lend  itself  to  variable  control.  Source 
management  includes  street  cleaning,  sewer  flushing,  and  catch  basin 
cleaning.  These  activities  are  characterized  by  low  capital  cost 

and  high  operational  cost. 

•  Alternative  12:  no  action  plan  -  Since  the  combined  sewer  area 
is  essentially  fully  developed,  the  waste  load  discharged  into  the  river 
would  remain  about  the  same  as  at  present.  There  would  be  no  additional 
costs  beyond  those  being  incurred  now.  This  plan  would  not  alleviate 
adverse  impacts  associated  with  the  combined  sewer  overflows.  The  threat 
to  public  health  from  discharges  into  the  city’s  drinking  water  source 
would  not  be  corrected.  The  city  would  violate  its  National  Pollutant 
Discharge  Elimination  System  permit  and  would  be  ^ubject  to  heavy  fines. 

The  anticipated  pollutant  removal  from  each  alternative  is  shown 
in  table  23.  Table  24  summarizes  the  environmental,  social,  and  economic 
impacts  of  alternatives  1  through  9. 
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n  pollutant 


Estimated  percent  removal  of  given  pollutant 


-  Es 


I 

Alternative 


1  -  New  sanitary  sewer 

system 

2  -  New  storm  sewer  system 

3  -  Partially  new  storm 

and  sanitary  systems 

4  -  New  sanitary  and  storm 

systems 

5  -  High-rate  filtration  at 

each  service  area 

6  -  High-rate  filtration 

at  single  site 

7  -  Sedimentation  at  each 

service  area 

8  -  Sedimentation  at 

single  site 

9  -  Swirl  concentrators 
1<  -  Relocate  water  intakes 

11  -  Collection  system  and 

source  management 

12  -  No  action 


(1)  Because  first  flush  of  storm  runoff  solids  woald  no  longer  be 
diverted  to  wastewater  treatment  plant,  TSS  may  not  be  decreased. 


BOD 

TSS 

Fecal  coliforms 

80 

(1) 

95-100 

80 

(1) 

95-100 

80 

(1) 

95-100 

80 

(1) 

95-100 

75-85 

90-95 

100 

75-85 

90-95 

100 

50-60 

75-85 

100 

50-60 

75-85 

100 

25-45 

20-50 

100 

0 

0 

0 

5 

13 

0 

0 

0 

0 

Source :  Staal««  Consultant* 
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Cost  estimates  for  each  alternative  were  prepared  for  each  service 
area  to  permit  the  selection  of  the  optimum  combination  of  alternatives 
for  the  overall  study  area.  These  estimates  covered  construction,  opera¬ 
tion  and  maintenance,  and  salvage  values.  Construction  costs  for  sewer 
systems  were  based  on  May  1979  prices  using  manufacturer  information  and 
recent  bids  on  similar  work  in  Grand  Forks.  Costs  for  treatment  works 
were  based  on  cost  curves  and  published  unit  cost  data.  A  factor  of 
20  percent  was  added  to  the  construction  costs  to  cover  contingencies, 
engineering,  legal,  and  administrative  expenses.  Table  25  shows  each 
alternative's  estimated  first  and  average  annual  costs  in  each  of  the 
four  service  areas;  equivalent  annual  costs  are  based  on  the  total  present 
worth  (which  factors  in  salvage  value  and  annual  operation  and  maintenance 
costs)  amortized  over  a  20-year  planning  period  at  a  6  7/8-percent  interest 
rate.  Table  25  also  shows  the  estimated  annual  BOD  removed  and  the  unit 
cost  per  pound  of  BOD  removed. 


;# 


Relocate  water  -  3,159  66  356 

Intakes 
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The  final  plan  is  comprised  of  one  alternative  selected  as  best  for 
each  service  area  on  the  basis  of  careful  consideration  of  environmental, 
social,  economic,  and  institutional  factors.  The  considerations 
behind  the  selections  are  discussed  below: 

•  Service  Area  1  -  This  service  area  has  an  adequate  existing  storm 
flow  system.  Hence,  the  needs  of  this  service  area  and  the  overall  study 
area  would  be  best  met  by  a  new  sanitary  system  (alternative  1),  which 
table  25  shows  is  most  cost  effective  and  which  table  24  shows  has  more 
positive  environmental,  social,  and  economic  impacts  than  end-of-pipe  treatment 
or  regionalized  collection  and  treatment. 

•  Service  Area  2  -  Alternative  1  (a  new  sanitary  system)  is  the  most 
cost  effective;  but, because  the  existing  combined  sewers  provide  a  low 
capacity  for  carrying  storm  runoff,  street  flooding  could  remain  a  serious 
problem  with  this  alternative.  Alternative  3,  the  next  most  cost-effective 
alternative,  is  recommended  instead;  this  alternative  includes  a  new  sani¬ 
tary  sewer  plus  a  new  storm  sewer  line  to  provide  relief  capacity  for  inade¬ 
quate  portions  of  the  existing  combined  sewer  system  to  be  used  for  storm 
sewer  service,, 

•  Service  Area  5  -  Alternative  2  (new  storm  sewer  system)  is  recom¬ 
mended  to  provide  an  adequate  storm  runoff  capacity;  the  combined  sewer 
appears  capable  of  providing  adequate  sanitary  service.  This  alternative 
is  the  least  costly  and  ranked  favorably  in  terms  of  environmental  and 
social  impacts. 

•  Service  Area  6  -  Alternative  1  is  least  costly;  but,  because  the 
existing  combined  sewer  has  an  inadequate  storm  runoff  capacity,  street 
flooding  problems  will  continue.  Alternative  2  would  provide  the  needed  runoff 
capacity  and  is  the  second  most  cost-effective  system,  but  costs  nearly 

$1.4  million  more.  Alternative  1  is  recommended,  but  public  hearings  may 
disclose  a  strong  public  sentiment  for  spending  the  extra  money  needed  to 
construct  alternative  2  to  also  solve  the  street  flooding  problems. 

Table  26  and  figure  40  show  the  overall  recommended  plan. 
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Table  26 

-  Selected  plan 

Service 

area 

Selected 

alternative 

Total 

initial  cost 
($1,000) 

Operation  and 
maintenance  cost 
($/year) 

1 

1 

1,625 

2,740 

2 

3 

6,089 

9,180 

5 

2 

2,044 

5,280 

6 

1 

4.763 

6.550 

Total 

14,521 

23,750 

Implementation  steps  and  the  estimated  timetable  are  discussed 
below.  It  is  assumed  that  review  agencies  will  act  promptly  and  affirma¬ 
tively  at  each  step. 


1.  The  city  should  submit  the  step  2  grant  application  for  review 
by  the  North  Dakota  State  Department  of  Health  and  Environmental  Protec¬ 
tion  Agency.  Approval  anticipated  by  mid-1980. 

2.  Prepare  plans  and  specifications  for  the  selected  plan.  Com¬ 
pletion  in  approximately  1  year  after  step  2  grant  is  approved,  say  by 
mid-1981. 


3.  Submit  plans  and  specifications  and  the  step  3  grant  application 
to  the  North  Dakota  State  Department  of  Health  and  Environmental  Protection 
Agency  for  review.  Approval  anticipated  by  the  end  of  1981. 

4.  Bidding  and  award  of  construction  contract.  Construction 
anticipated  to  begin  in  early  1982. 

If  the  city’s  applications  are  approved.  Federal  grants  should  cover 
75  percent  of  the  pollution  control  portion  of  the  project.  The  local 
share  would  include  the  remaining  25  percent  of  the  pollution  control  portion 
of  the  costs  plus  100  percent  of  any  costs  allocated  to  flood  control.  The 
city  would  also  be  responsible  for  operation  and  maintenance  of  the  system, 
estimated  to  cost  about  $23,750  per  year. 
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Figure  40  -  Selected  Plan 


PUBLIC  INVOLVEMENT 


The  public  is  defined  as  any  affected  or  interested  non-Corps  of 
Engineers  entity  (including  other  Federal,  regional.  State,  and  local  govern¬ 
ment  entities  and  officials;  public  and  private  organizations;  and  individuals. 

The  public  involvement  program  was  an  important  part  of  the  study.  The 
overall  goal  of  the  program  was  to  involve  the  public  as  fully  as  practicable 
in  the  planning  process.  Several  complementary  public  involvement  activities 
were  used  to  encourage  public  participation  and  provide  a  forum  for  communi¬ 
cation  between  the  public  and  the  planners.  The  activities  included  meet¬ 
ings,  written  materials,  workshops,  and  displays. 

The  uses  and  scheduling  of  the  public  involvement  activities  were  estab¬ 
lished  by  the  needs  of  study  participants  and  the  planning  process.  As  the 
urban  study  progressed,  the  public  involvement  program  evolved.  Stage  1 
focused  on  the  theme  of  problem  identification.  During  this  stage,  a  highly 
visible  and  intensive  public  relations  program  concentrated  on  reaching  dif¬ 
ferent  segments  of  the  public  to  gather  information,  views,  and  ideas  regard¬ 
ing  problems,  needs,  and  concerns  of  the  communities.  By  stage  2,  those  agen¬ 
cies  and  groups  interested  in  actively  participating  in  the  urban  study's 
planning  process  had  been  identified,  and  most  of  the  public  involvement  effort 
focused  on  these  participants.  Alternative  solutions  were  formulated  and 
presented  to  interested  segments  of  the  public  to  get  feedback  for  iteration 
of  the  alternatives.  In  stage  3,  the  focus  was  on  developing  detailed  plans 
of  feasible  alternatives.  The  public  involvement  activities  toward  the 
end  of  the  urban  study  concentrated  on  releasing  and  reporting  the  study 
findings,  conclusions,  and  recommendations. 

The  reciprocal  influence  between  the  urban  study  process  and  the  public 
not  only  generated  input  to  the  study,  but  also  led  to  related  studies  of 
interest  and  influenced  other  planning  efforts  in  the  communities.  For 
instance.  Grand  Forks  and  East  Grand  Forks  have  used  the  social  and  environ¬ 
mental  inventory  (which  is  in  the  Background  Information  Appendix)  in  their 
comprehensive  planning  activities. 


172 


The  urban  study  was  instrumental  in  developing  the  Grand  Forks  combined 
sewer  overflow  water  quality  monitoring  study.  The  need  for  this  project, 
conducted  by  the  city  and  the  North  Dakota  State  Department  of  Health, 
was  first  raised  at  an  early  agency  committee  meeting.  The  scope  of  work 
was  drafted  by  the  study  team  and  revised  by  the  North  Dakota  State 
Department  of  Health.  Although  funded  and  conducted  by  local  interests,  the 
monitoring  study  was  an  offshoot  of  the  urban  study  and  the  results  were  used 
by  the  study  team. 

The  urban  study's  wastewater  management  report  relating  to  the  Grand 
Forks  combined  sewer  overflow  problem  was  prepared  in  accordance  with 
criteria  satisfying  step  1  of  the  EPA's  Construction  Grants  Program.  The 
city  submitted  the  wastewater  report  (prepared  by  a  consulting  firm  under 
contract  to  the  St.  Paul  District)  to  meet  the  provisions  of  its  National 
Pollutant  Discharge  Elimination  System  permit.  The  result  has  been  step  2 
money  for  plans  and  specifications  for  the  city's  sewer  separation  project. 

A  recreation  study  was  conducted  to  ensure  that  recreational  needs 
were  given  adequate  consideration  during  the  evaluation  of  alternative 
solutions  to  the  study  area's  water  resource  problems. 

The  urban  study  also  has  been  involved  with  energy  conservation  through 
the  coordination  and  funding  of  a  thermography  study.  This  study  com¬ 
prised  an  infrared  aerial  photo  survey  of  buildings  and  homes  to  reveal 
heat  losses.  The  photographs  and  other  energy  conservation  materials 
were  displayed  for  public  viewing. 

The  urban  study  focused  considerable  attention  on  the  English  Coulee 
area  and  its  flood  problems.  Two  studies  -  the  flood  control  study  and 
the  urban  drainage  study  -  investigated  the  area  from  somewhat  different 
perspectives  in  seeking  solutions  to  both  backwater  flooding  from  the  Red 
River  and  direct  flooding  from  coulee  runoff  as  experienced  in  1979. 

Further  study  of  flood  problems  in  the  English  Coulee  and  Belmont  Road/ 
Belmont  Coulee  portions  of  Grand  Forks  has  been  recommended  under  the  Corps' 
small  flood  control  continuing  authority.  This  authority  offers  a  quicker 
route  through  the  study  process  to  eventual  construction.  The  work  completed 
under  the  urban  study  will  further  expedite  the  feasibility  investigations. 
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The  urban  study  reaffirmed  the  viability  of  East  Grand  Forks' 
authorized  flood  control  project  and  recommended  further  investigation  under 
the  appropriate  postauthorization  study  authority.  As  of  this  writing,  the 
recommended  investigation  is  under  way. 

Flood  emergency  plans  of  action  were  developed  for  both  Grand  Forks 
and  East  Grand  Forks  with  the  assistance  of  city  officials  and  the  local 
flood  fight  leadership.  Manuals  were  prepared  outlining  preflood  preparations, 
flood  fight  organization,  and  postflood  cleanup.  These  manuals  were  backed 
up  with  informational  materials  -  pamphlets  and  slide  shows  -  for  use  by 
the  cities  in  acquainting  the  public  with  their  flood  fight  and  evacuation 
plans  and  in  training  flood  fight  personnel.  This  "software"  approach  to 
addressing  the  cities'  flood  problems  provided  welcome,  valuable  assistance 
in  the  absence  of  a  complete  structural  solution  to  their  flood  problems. 

If  permanent  flood  control  measures  are  developed  through  the  ongoing  Corps 
studies,  the  flood  emergency  plans  can  be  revised  by  the  communities  to 
reflect  the  new  circumstances. 

Another  significant  spin-off  study  was  the  low-flow  investigation. 

This  investigation  was  an  offshoot  of  the  water  supply  study  and  evaluated 
drought  conditions  in  the  Red  and  Red  Lake  Rivers  in  relation  to  projected 
water  withdrawals  for  municipal,  industrial,  and  agricultural  uses. 

The  water  supply  and  low-flow  investigations  also  prompted  considera¬ 
tion  of  water  conservation  measures  and  development  of  an  emergency  plan 
for  droughts  more  severe  than  the  design  50-year  event.  The  five-stage 
emergency  plan  was  adopted  by  Grand  Forks  during  a  severe  drought  in  1979. 

Pamphlets  and  professionally  narrated  slide  shows  were  prepared  to 
describe  the  overall  urban  study  effort  and  each  of  the  major  topics  - 
flood  control  and  urban  drainage,  flood  emergency  plans  of  action,  water 
supply,  and  wastewater  management  -  and  given  to  the  cities.  These  materials 
have  already  been  used  in  city  planning  and  council  meetings;  and  their 
value  for  advising  residents  of  development  plans,  city  and  individual  flood 
fight  measures,  etc.,  is  unquestioned.  Copies  of  the  final  urban  study 
reports  have  been  provided  to  the  cities  and  area  libraries  for  reference 
by  local  interests. 
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